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THE  PHYSICS  OF  THE  MISSISSIPPI  RIVER. 

A   LETTER   TO   THE  EDITOR  OF  VAN   NOSTRAND's   MAGAZINE   IN    REPLY  TO 
THE   ARTICLE   OF   JAMES    B.    EADS    IN  THE   SEPTEMBER   NUMBER. 


Sir :  In  the  September  number  of  your 
Magazine,  a  Review  of  the  Report  upon 
the  Physics  and  Hydraulics  of  the  Miss- 
issippi, by  Humphreys  and  Abbot,  ap- 
peared over  the  signature  of  James  B. 
Eads,  C.E.  He  states  at  the  outset  that 
he  desires  to  reach  the  general  intelli- 
gent public,  rather  than  scientific  read- 
ers. Although  the  Mississippi  report 
was  prepared  for  professional  engineers, 
and  its  conclusions  will  stand  or  fall  by 
their  verdict,  I  ask  space  in  your  Maga- 
zine to  expose  some  of  the  errors  of  this 
popular  review. 

Capt.  Eads  raises  two  principal  issues 
with  our  report,  each  of  which  will  be 
considered  by  itself. 

KELATTON   BETWEEN  VELOCITY  AND    SUSPENDED 
EARTHY   MATTER. 

The  first  question  at  issue  is,  whether 
the  water  of  the  Mississippi  always  holds 
in  suspension  the  maximum  amount  of 
earthy  matter,  which  water  flowing  with 
that  precise  velocity  is  able  to  support. 
If  yea,  then  any  diminution  in  the  veloc- 
ity must  cause  a  deposit ;  and  any  in- 
crease may  cause  an  excavation,  provided 
the  bed  or  banks  are  of  such  a  nature 
as  to  supply  suitable  material.  If  nay, 
then  no  such  results  can  be  rationally 
predicated. 

This  question  of  fast — for  theory  has 
Vol.  XX— No.  1—1 


nothing  to  do  with  it — was  conclusively 
decided  in  the  negative  by  the  long  series 
of  observations  recorded  in  the  Physics 
and  Hydraulics  of  the  Mississippi.  Capt. 
Eads,  with  various  adjectives  which  add 
nothing  to  his  argument,  denies  the  truth 
of  this  deduction,  and  asserts  that  it  is 
based  upon  fallacies  and  blunders  made 
by.  us  in  discussing  our  observations. 
The  accuracy  of  the  latter  he  does  not 
dispute. 

Our  analysis  of  these  observations, 
stated  in  brief,  consisted  in  plotting  two 
curves,  of  which  the  common  abscissas 
were  times ;  and  the  ordinates,  respect- 
ively the  mean  velocity  of  the  river  in 
feet  per  second,  and  the  corresponding 
number  of  grains  of  earthy  matter  held 
in  suspension  by  one  cubic  foot  repre- 
senting the  average  for  the  whole  river. 
If  the  latter  quantity  were  a  function  of 
the  former,  the  forms  of  the  two  curves 
would  exhibit  a  certain  symmetry;  This 
was  not  the  case,  the  amount  of  sediment 
per  cubic  foot  when  the  river  was  flow- 
ing most  rapidly  being  often  no  more 
than  at  the  lowest  stage. 

These  curves  happen  to  be  very  un- 
lucky for  Capt.  Eids'  professional  pro- 
jects ;  for  they  overturn  the  theory  upon 
which  he  proposes  to  dispense  with 
levees,  to  improve  the  navigation  of  the 
upper  river,  and,  in  one  word,  to  control 
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the  appropriations  which  Congress  may 
grant  for  the  lower  Mississippi.  The 
world  is  not  wide  enough  for  them  and 
him,  and  they  must  be  removed  from 
his  path.  Invoking,  therefore,  the  di- 
vinities of  Dynamics,  Force,  Matter, 
Space  and  Time  to  aid  in  raising  a  cloud 
of  confusion  over  a  very  simple  question 
of  mathematics,  he  makes  a  desperate 
assault  upon  our  method  of  reasoning. 
Not  to  follow  him  through  several  pages 
of  this  style  of  writing,  which,  although 
perhaps  effective  with  the  popular  audi- 
ence to  which  he  appeals,  will  be  passed 
over  by  professional  men,  let  us  examine 
his  final  conclusion.  It  is,  that  the  ordi- 
nates  of  the  sediment  curve  must  be 
multiplied  by  the  corresponding  dis- 
charges of  the  river,  before  they  can  be 
compared  with  those  of  the  mean  veloc- 
ity curve. 

The  absiu'dity  of  this  proposition  has 
been  so  clearly  pointed  out  by  Mr.  R.  E. 
McMath,  C.E.,  in  the  Engineering  News 
for  February  28,  1878,  that  it  is  needless 
to  repeat  the  elaborate  algebraic  demon- 
stration by  which  he  arrived  at  the  con- 
clusion that  "mathematically  this  step  is 
a  blunder  which  would  disgrace  a  boy  in 
the  junior  class  of  our  High  School." 

Suffice  it  to  say,  that  the  quantity 
under  discussion  is  not,  as  Captain  Eads 
argues,  the  total  mechanical  work  per- 
formed by  the  river,  which  of  course 
depends  upon  the  number,  as  well  as 
upon  the  supporting  power,  of  all  the 
cubic  feet  of  water  in  motion;  but  the 
force  which  neutralizes  the  gravity  of  the 
earthy  matter  held  in  suspension.  If 
this  force  be  less  than  gravity,  a  deposit 
must  occur ;  if  it  be  equal  to  gravity,  the 
water  will  be  charged  to  its  maximum 
supporting  capacity  with  earthy  matter ; 
if  it  be  greater  than  gravity,  an  addition- 
al amount  of  earthy  matter  may  be  added 
without  causing  a  deposit.  Now,  Capt. 
Eads'  theory  confessedly  requires  that 
the  water  be  always  charged  to  the  maxi- 
mum capacity  due  to  its  velocity.  The 
point,  then,  for  observation  to  determine, 
is,  whether  there  be  any  fixed  relation 
between  the  earthy  matter  suspended  in 
a  unit  of  volume,  and  the  horizontal 
velocity  of  that  unit  of  volume.  If  any 
fixed  relation  existed  between  these 
quantities  for  the  Mississippi,  our  curves 
woxdd  reveal  it;   but  as  they  show  the 


reverse,  Capt.  Eads'  theory  falls  to  the 
ground. 

That  the  figures  plotted  by  us  corrects 
ly  represent  the  quantities  in  question,  is 
evident  when  we  consider  what  they  are. 
The  mean  velocity  is  the  mean  of  the 
horizontal  velocities  of  every  cubic  foot 
of  the  river.  The  amount  of  sediment 
was  measured  by  collecting  samples  of 
water  from  three  stations — one,  300  feet 
from  the  East  bank,  where  the  high 
water  depth  was  100  feet ;  another  in  the 
middle,  where  the  depth  was  100  feet ; 
and  the  third,  400  feet  from  the  West 
bank,  where  the  depth  was  40  feet.  The 
total  width  was  about  2400  feet.  One 
hundred  grammes  of  river  water  were 
collected  daily,  Sundays  excepted,  at 
surface,  mid-depth  and  bottom,  at  the 
two  deep  stations;  and  at  surface  and 
bottom  at  the  other.  The  figures  plot- 
ted in  oiu-  curves  represent  the  mean 
weight  of  sediment  per  cubic  foot  for 
the  entire  river,  computed  by  averaging 
the  results  from  the  eight  stations.  This 
averaging  is  legitimate,  because  the  dis- 
tribution of  earthy  matter  held  in  sus- 
pension is  remarkably  uniform  through- 
out the  river,  as  is  proved  by  the  follow- 
ing yearly  totals : — 

DISTRIBUTION    OF    EARTHY    MATTER. 


Station. 


Near  East  Bank 
Near  Middle. . . 
Near  West  Bank 


High 
Water 
Depth 


100 

100 

40 


Total  grammes  collect- 
ed in  one  year. 


Surface. 


Mid- 
depth. 


15.302 
15.156 
13.845 


17.552 
18.977 


Bot- 
tom. 


17.880 
19.538 
20.070 


The  bearing  of  these  figures  upon 
Captain  Eads'  theory  as  "modified  by 
depth  "  is  too  plain  to  need  comment. 

To  recapitulate  the  foregoing  views  in 
more  concise  and  mathematical  language, 
the  problem  to  be  studied  experimentally 
is,  whether: 

S=/(V). 

In  which  S  denotes  the  force  which, 
opposed  to  gravity,  maintains  the  earthy 
matter  in  suspension ;  and  V  is  the  hori- 
zontal velocity  of  the  volume  of  water 
supporting  said  earthy  matter.  Now  let 
us  see  what  our  critic  proposes  to  do.    If 
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he  were  not  so  bitterly  in  earnest  about 
the  problem,  his  blunder  would  be  funny. 
He  actually  'multiplies  one  member  of  the 
equation  of  which  the  truth  or  falsity  is 
to  be  experimentally  decided,  by  the  dis- 
charge, which  is  nothing  but  the  product 
of  the  area  of  cross  section  (a)  by  the 
mean  velocity,  (V) ;  and  leaves  the  other 
member  unchanged,  giving: 

SaV=/(V). 

And  he  then  proceeds  to  congratulate 
himself,  and  to  ajDply  adjectives  to  us,  in 
honor  of  the  surprising  discovery  that, 
after  he  has  introduced  V  into  the  first 
member,  that  member  thus  modified  can 
be  proved  to  be  a  function  of  V ! 

It  woidd  be  easy  to  point  out  many 
other  minor  errors  in  this  division  of 
Capt.  Eads'  review,  but  after  this  ex- 
posure of  the  fundamental  fallacy  upon 
which  his  whole  argument  rests,  it  would 
be  wasting  time  to  do  so. 

Otu*  position  in  the  matter  simply  is, 
that  the  earthy  matter  which  the  river 
holds  in  suspension  is  chiefly  that 
brought  to  it  in  suspension  by  its  tribu- 
taries; and  that  if  the  amount  they  sup- 
ply at  any  time  be  less  than  the  velocity 
would  support — as  is  usually  the  case  in 
floods  from  the  comparatively  clear  trib- 
utaries, like  the  Ohio — the  water  remains 
under-charged.  Capt.  Eads'  claims: — 
"If  the  reader  will  bear  in  mind  that  the 
water  is  charged  with  sediment  accord- 
ing to  its  velocity,  and  that  it  flows 
through  a  bed  of  precisely  the  same  kind 
of  material  it  is  carrying  in  suspension, 
and  that  if  its  velocity  is  increased  it  will 
take  up  a  greater  charge  from  its  own 
bed,  or  if  its  current  be  slackened  it  will 
drop  some  of  its  charge  in  the  channel, 
and  add  to  its  bed,  he  will  understand 
the  important  part  which  the  speed  of 
the  current  performs  in  the  problem." 
Perhaps  in  thus  committing  himself, 
Capt.  Eads'  did  not  know  that  at  Colum- 
bus, Ky.,  20  miles  below  the  mouth  of 
the  Ohio,  the  waters  on  the  East  side  of 
the  channel,  which  have  issued  from  that 
river,  although  moving  side  by  side,  and 
with  equal  velocity  with  those  from  the 
Missouri  on  the  West  side,  contain  only 
about  three  quarters  as  much  earthy 
matter  in  suspension.  This  fact,  stated 
in  the  Mississippi  Report,  is  proved  by 
eight  months'  daily  observations  at 
Columbus.     It  would   be   ill-natured  to 


wonder  whether,  if  Capt.  Eads'  had 
noticed  this  ugly  fact,  he  would  have 
announced  that,  according  to  his  investi- 
gations, these  data  "bear  excellent  testi- 
mony to  the  care  with  which  Messrs. 
Webster  and  Eillebrown  conducted  the 
experiments  at  Columbus." 

BED    OF    THE    MISSISSIPPI. 

The  second  main  issue  which  Capt. 
Eads  raises  with  our  report,  is  in  respect 
to  the  nature  of  the  bed  of  the  Missis- 
sippi. In  this  matter,  he  sets  up  a  man 
of  straw,  and  after  overturning  him, 
claims  by  so  doing  to  have  refuted  our 
views. 

As  an  example  of  the  reckless  mis- 
statements of  facts  which  characterize 
the  whole  review,  I  quote  the  following 
paragraph : 

"By  reference  to  pages  135  and  137 
[Mississippi  Report]  it  will  be  seen  that 
this  extract  contains  an  astonishing  exag- 
geration. Instead  of  three  years,  ^the 
current  and  sediment  observations  only 
occupied  eight  months  at  Coitunbus,  and 
one  year  at  Carrollton. 

"When  we  remember  that  the  junior 
author  of  the  report  on  the  Mississippi 
River  was  a  prominent  member  of  the 
Levee  Commission,  and  that  the  senior 
author,  as  Chief  of  Engineers,  warmly 
endorsed  its  report,  it  is  difficult  to 
reconcile  this  careless  statement  with  the 
unusual  scientific  exactness  which  re- 
quired four  decimals  to  record  their 
measurements  of  the  current." 

Turning  t®  the  page  next  preceding 
the  one  mentioned,  we  find  a  table  giving 
in  detail  the  results  of  the  iwo  years  of 
sediment  observations  made  by  a  party 
of  the  survey  at  Carrollton;  and  on  page 
142,  another,  giving  the  details  of  a  con- 
tinuous series  of  nearly  three  months' 
observations,  made  by  Prof.  Riddell. 
These  with  the  eight  months'  record  at 
Columbus,  sufficiently  sustain  the  accu- 
racy of  our  language. 

After  such  an  exposure,  it  is  sufficient 
without  devoting  space  to  other  instances 
of  similar  inaccuracy  in  this  Review,  to 
ask  the  reader  to  apply  the  old  maxim. 
"  ex  uno  disce  omnes,"  and  take  the  pre- 
caution to  refer  to  the  report  itself,  be- 
fore accepting  as  trustworthy  Capt.  Eads' 
statements  respecting  its  contents. 

This  precaution  is  particularly  neces- 
sary  in   order   to   understand   our    real 


4 


VAN    NOSTRAND  S    ENGINEERING   MAGAZINE. 


position  in  relation  to  the  bed  of  the 
river.  Capt.  Eads  endeavors  to  convey 
to  the  reader  that  our  views  rest  solely 
upon  a  limited  number  of  soundings  in 
the  river  itself,  and  that  all  the  informa- 
tion we  possessed  on  the  subject  is  re- 
ported in  full  in  Appendix  C.  Neither  of 
these  ideas  is  correct.  It  is  nowhere 
stated,  nor  is  it  true,  .that  Appendix  C 
describes  every  sample  brought  from  the 
bottom.  In  the  work  done  by  me,  per- 
sonally, in  which  I  used  one  of  the 
transits  on  the  bank,  it  frequently  hap- 
pened that  when  the  boat  brought  the 
specimens  for  inspection,  some  uncertain- 
ty would  exist  as  to  the  exact  soundings 
in  which  individual  specimens  had  been 
secured.  In  such  cases,  the  samples 
were  not  bottled  and  no  specific  entry 
was  made,  but  the  general  nature  of  the 
bottom  was  carefully  noted,  and  this  in- 
formation was  used  in  the  final  report. 
Capt.  Eads  might  as  well  demand  that  a 
botanical  collector  should  exhibit  speci- 
mens of  a  plant  gathered  from  every 
locality  in  which  he  discovered  it,  as  to 
apply  such  a  criterion  to  oiu'  work. 

But  if  this  kind  of  criticism  is  unfair, 
for  a  still  stronger  reason  is  the  unfound- 
ed assumption  that  our  views  are  solely 
based  upon  soundings  in  the  river  itself. 
In  the  report  and  appendices  will  be 
found  stated  at  length  many  facts  bearing 
directly  upon  the  geology  of  the  region 
traversed  by  the  river,  and  which,  from 
their  wide  range  and  perfect  accordance 
with  each  other,  will,  it  is  believed,  have 
great  weight  with  any  unprejudiced 
mind.  Capt.  Eads'  whole  argument  on 
this  point  is  that  of  a  lawyer  endeavoring 
to  raise  quibbles,  rather  than  that  of  a 
judge  stating  the  truth  in  an  impartial 
manner.  Readers  who  desire  to  study 
the  subject  should  refer  to  the  report  it- 
self, where  the  arguments  are  stated  in  as 
concise  language  as  can  well  be  used. 
They  proved  convincing  to  every  member 
of  the  Commission  of  Engineers  to  which 
the  subject  was  officially  committed  by 
Congress ;  and  that  they  do  not  harmo- 
nize with  Capt.  Eads'  wishes  and  theo- 
ries, is  our  misfortune,  not  our  fault. 

One  other  point.  Lest  Capt.  Eads' 
assertion  that  the  shoaling  of  the  bed  of 
the  river  below  Cubitt's  Gap  proves  that 
crevasses  cause  a  deposit  in  the  channel, 
be  accepted  as  true  reasoning,  I  will 
simply   say,    that    the   location   of    this 


break,  just  above  the  head  of  the  Passes, 
introduces  anomalous  features,  which 
prevent  occurrences  there  from  having 
any  legitimate  bearing  when  applied  to 
the  river  above.  The  great  Bonnet  Carre 
Crevasse,  above  New  Orleans,  has  been 
open  since  April.  1874,  discharging  an 
immense  volmne  of  water  at  every  high 
stage  of  the  river  :  and  yet  no  well-marked 
shoaling  has  occurred  below  its  site. 
Capt.  Eads  may  perhaps  venture  to  deny 
this  statement,  which  is  fatal  to  his  the- 
ories ;  but  the  facts  set  f orth  in  the  Re- 
port of  the  Commission  of  Engineers, 
ordered  by  Congress  to  investigate  and 
rej)ort  a  plan  for  the  reclamation  of  the 
alluvial  basin,  fully  confirmed  by  later 
surveys,  speak  for  themselves,  and  estab- 
lish my  position. 

THE    ST.    LOUIS    BKIDGE. 

I  must  now  refer  to  the  single  para- 
graph which  has  called  forth  this  reply 
to  Capt.  Eads — his  other  statements,  I 
think,  might  have  been  safely  left  unan- 
swered, to  be  judged  by  professional 
men. 

It  must  be  apparent  to  every  reader, 
that  the  personal'  animosity  constantly 
exhibited  by  Capt.  Eads  toward  the  Chief 
of  Engineers,  and  which  marks  every 
page  of  this  review,  unfits  him  from  tak- 
ing a  fair  view  of  the  subjects  discussed. 
This  has  led  him  not  only  to  misrepre- 
sent the  real  issues,  but  also  in  the  fol- 
lowing paragraph,  to  introduce  one  en- 
tirely irrelevant : 

"A  few  years  ago  the  Chief  of  Engineers 
of  the  United  States  Array,  being  equally 
as  well  convinced  that  the  steamboat 
smoke  pipes  were,  like  the  bed  of  the 
river,  unyielding  in  their  nature,  and 
that  they  were  too  high  to  pass  under 
the  bridge  which  spans  the  Mississippi 
at  St.  Louis,  accordingly  recommended 
that  a  canal  with  a  drawbridge,  through 
the  bridge  approach,  to  accommodate 
these  luiyielding  smoke  pipes,  should  be 
dug  round  the  end  of  the  bridge  in  the 
ancient  geologic  blue  clay  in  Llinois,  at 
a  cost  of  over  three  million  dollars ! 
The  fact  that  the  river  was  proved  by  '  a 
glance  at  the  two  diagrams '  to  be  always 
undercharged  with  sediment,  was  an  as- 
surance that  the  canal  would  be  a  success 
and  would  not  silt  up.  But  Congress 
did  not  look  .with  favor  on  this  plan. 
Doubts  as  to  the  unyielding  nature  of 
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the  smoke  pipes  were  openly  expressed, 
and  while  the  canal  plans  and  estimates 
were  being  prepared  the  lucky  discovery 
was  made  that  the  whole  difficulty  could 
be  avoided  by  putting  hinges  in  the 
pipes;  and  so  three  millions  of  public 
treasure  were  saved,  and  the  commerce 
of  the  river  now  flows  under  the  biidge 
without  let  or  hindrance." 

This  paragraph  is  full  of  errors  of  fact, 
which  might  naturally  mislead  any  one 
not  familiar  with  the  subject.  The  truth 
is  the  following : 

On  account  of  the  strong  complaints 
of  navigators  of  the  Mississippi  River 
against  the  bridge  which  Captain  Eads 
was  building  at  St.  Louis,  a  Board  of 
Engineers  was  convened  by  the  Secretary 
of  War,  to  examine  and  report  upon  the 
matter. 

At  one  of  the  public  meetings  of  the 
Board  after  they  had  become  satisfied 
that  the  complaints  of  navigators  were 
well  founded,  and  while  they  were  dis- 
cussing a  remedy,  a  member  stated  that 
the  case  of  the  Louisville  bridge  was 
somewhat  similar,  and  that  he  had  pro- 
vided for  high  water  navigation  by  a  chan- 
nel cut  into  the  canal  bank  at  the  South 
end  of  the  bridge.  He  suggested  that  a 
similar  plan  might  obviate  the  trouble  at 
the  St.  Louis  bridge,  and  proposed  a  cut 
into  the  shore  behind  the  East  abutment 
pier.  The  Board  provisionally  adopted 
this  plan,  and  recommended  that  the 
local  engineer  officer  be  charged  with  the 
duty  of  working  up  the  details  and 
ascertaining  the  cost. 

At  a  subsequent  meeting  of  the  Board, 
the  local  engineer  officer  reported  as  the 
result  of  his  investigations,  that  the  cut 
with  its  accessories  would  cost  $922,436, 
and  that  the  annual  expense  of.  operat- 
ing the  draw  and  keeping  the  cut  open 
would  be  $15,000,  which,  capitalized  at 
six  per  cent,  would  be  $250,000,  making 
a  total  cost  of  $1,172,436,  (not  three  mil- 
lions). 

There  can  be  no  question  as  to  Capt. 
Eads'  knowledge  of  these  facts,  as  he 
published  a  pamphlet  in  which  he  criti- 
cized this  report  with  great  bitter- 
ness. 

From  his  statement  above  quoted,  it 
would  be  inferred  that  engineer  officers 
had  never  heard  that  steamboat  chimneys 
couM  be  lowered,  and  that  as  soon  as  the 
knowledge  that  such  a  thing  was  possi- 


ble reached  the  ears  of  Congress,  it  at 
once  decided  not  to  interfere  with  the 
bridge. 

In  the  first  place,  every  boat  engaged 
in  commerce  on  the  Ohio  River,  is  pro- 
vided with  hinges,  and  this  has  been  the 
case  for  many  years.  Even  the  little  sur- 
veying steamer,  the  Major  Sanders,  in 
charge  of  one  of  the  members  of  the 
Board,  was  provided  with  hinged  chim- 
neys. Evidently,  therefore,  they  were  no 
novelty  to  him,  and  the  same  remark  can 
be  made  with  regard  to  the  other  mem- 
bers, all  of  whom  had  had  much  experi- 
ence in  Western  river  navigation. 

In  the  second  place,  the  Board  in  their 
report  stated  that  one  of  the  objections 
to  the  St.  Louis  bridge  was  the  follow- 
ing : 

"  The  height  under  the  lower  arch  is  so 
small  that  a  large  proportion  of  the  boats 
which  will  have  occasion  to  pass  under  it 
must  lower  their  smoke  stacks  at  all,  or 
nearly  all,  stages  of  the  river ;  while  many 
of  the  larger  boats  will  not  be  able  to 
pass  under  it  during  the  higher  stages, 
even  with  their  smoke  stacks  down." 

And  yet  Capt.  Eads  says  that  the  dis- 
covery that  steamboat  pipes  could  be 
hinged,  was  made  "while  the  canal  plans 
and  estimates  were  being  prepared !  " 

The  report  of  the  Board  contains  no 
reference  to  "ancient  geologic  blue  clay 
in  Illinois;"  indeed,  there  was  no  allu- 
sion whatever  to  the  nature  of  the  ma- 
terial of  the  East  St.  Louis  wharf,  unless 
an  item  in  the  estimate  calling  for 
"earth  excavation  (dredging)"  at  thirty 
cents  per  cubic  yard  can  be  considered  as 
such.  Nor  was  there  the  slightest  refer- 
ence to  the  question  whether  the  river 
water  was  over-charged  or  under-charged 
with  sediment;  nor  was  there  any 
"glance  at  the  two  diagrams."  On  the 
contrary,  it  was  well  known  that  the  cut 
would  probably  silt  up  if  left  alone ;  and 
an  estimate  of  $10,000  per  anniun  was 
included  for  the  specific  piu-pose  of  keep- 
ing this  cut  open  and  the  walls  in  re- 
pair. 

Finally,  the  only  individual  connection 
of  the  Chief  of  Engineers  icith  these  mat- 
ters icas,  that  the  reports  of  the  Hoard 
toere  submitted  to  the  Secretary  of  War 
through  him,  as^  required  by  the  Army 
Regulations,  and  were  formally  approved 
with  the  recommendation  "that  the  mat- 
ter be  submitted  to  Congress  at  its  next 
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session  for  such  action  as  in  their  judg- 
ment may  seem  to  be  necessary." 

The  above  facts  furnish  such  a  com- 
mentary on  the  paragraph  I  have  quoted, 
that  their  simple  presentation  is  more 
severe  than  any  language  which  could  be 
employed.  I  leave  the  reader  to  draw 
his  own  inferences — mine  being  that  any 


futiu*e  attack  of  this  nature  from  Capt. 
Eads,  cannot  be  held  to  require  notice. 

Henry  L.  Abbot. 

Major  of  Engineers  and 
Brevet  Brig.  General. 
Willets  Point,  New  York  Harbor, 
November  25,  1878. 
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It  is  generally  conceded,  I  believe,  by 
scientific  laborers  in  this  country,  that 
we  have  been  more  fertile  in  invention 
than  discovery.  We  owe  to  older  nations 
a  constantly  increasing  debt  of  obligation 
for  those  initial  germs  of  thought  which 
have  fructified  into  new  sciences,  while 
we  may,  at  the  same  time,  ask  a  generous 
acknowledgment  of  the  merits  of  many 
inventions  which  have  opened  up  new 
fields  of  employment  to  thousands. 
Sciences  which  promise  much  for  the  im- 
provement of  the  daily  condition  of  man- 
kind, and  have  in  them  a  side  largely 
practical  are  sure  of  welcome  in  our 
midst.  Such  a  science  is  pre-eminently 
the  one  under  consideration.  It  gathers 
into  one  the  teachings  of  all  other  sci- 
ences, so  far  as  they  bear  upon  private  and 
public  health,  and  makes  these  teachings 
practically  operative  in  the  promotion  of 
human  welfare  in  this  country.  It  grew 
into  prominence  during  the  war  of  the 
Rebellion,  when  the  work  of  the  Sanitary 
Commission  was  made  co-extensive  with 
every  array  camp  and  army  hospital.  Its 
principles  have  been  expounded  in  Sani- 
tary Associations  formed  in  many  States 
and  in  smaller  communities.  These 
have  led  to  the  formation  of  State  and 
City  boards  of  health,  clothed  to  a 
greater  or  less  degree  with  executive 
functions. 

Every  epidemic  has  fastened  popular 
attention  upon  the  subject,  and  what  be- 
fore was  taught  in  book  or  lecture-room, 
has  been  rehearsed  in  a  thousand  forms 
in  the  newspaper.  In  this  present  yellow 
fever  plague  more  than  twelve  thousand 


people  have  perished,  probably  not  less 
than  sixty  thousand  have  convalesced, 
and  two  hundred  millions  of  dollars 
would  not  represent  the  aggregate 
pecuniary  loss.  During  its  awful  course 
universal  interest  has  been  felt  in  the 
cause  and  prevention  of  this  and  similar 
diseases,  a  homily  on  private  or  public 
hygiene  has  formed  a  prominent  feature 
of  the  daily  paper,  and  this  interest  has 
culminated  in  the  offer  made  by  a  lady, 
already  widely  known  by  her  munificence 
in  the  cause  of  science,  to  defray  the  ex- 
penses of  a  commission  of  inquiry  com- 
posed of  sanitary  experts.  We  believe 
that  this  is  as  it  should  be,  and  that  in 
sanitary  science  this  country  is  taking  a 
foremost  place,  because  popular  sympathy 
and  popular  knowledge  are  running  al- 
most abreast  of  the  science  itself.  The 
proper  execution  of  sanitary  laws  de- 
mands the  free  and  intelligent  co-opera- 
tion of  the  individuals ;  a  system  of  enact- 
ments, however  skillfully  framed,  and 
however  supported  by  a  strong  central 
authority,  alone  will  not  suffice.  Not 
only  would  it  appear  alien  to  the  genius 
of  our  institutions,  but  also  a  mode  ill- 
suited  to  attain  its  object,  if  a  Health 
Department  were  added  to  the  other  de- 
partments of  State  at  Washington.  No 
one  would  deem  it  possible  for  such  a 
department  to  legislate  pine  air,  pure 
water  and  pure  food  into  use  throughout 
the  nation.  On  the  contrary,  it  would 
appear  far  wiser  to  leave  such  legislation 
to  each  State,  and  in  the  State  as  far  as 
possible  to  each  community,  recognizing 
that  the  popular  agitation  and  knowledge 
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requisite  to  obtain  health  laws  is  the  best 
guarantee  that  they  shall  not  afterwards 
remain  dead  letters.  What  I  have  to  say 
concerning  the  present  and  future  of 
Sanitary  Science  in  this  country  is  mostly 
the  record  of  what  such  communities 
have  already  done,  and  of  what  ideas  are 
now  growing  up  in  their  midst,  and 
which,  ere  long,  will  bear  fruition  in  new 
laws  and  movements. 

I.       VITAL    STATISTICS. 

We  shall  begin  at  the  foundation  stones 
of  exact  sanitary  science — Vital  Statistics. 
To  appreciate  the  advance  in  this  direc- 
tion, we  have  only  to  compare  the  condi- 
tion of  our  greatest  city,  New  York,  at 
the  beginning  of  this  century  with  its 
present.  At  that  time  it  had  no  registra- 
tion even  of  deaths.  The  first  "  Bill  of 
Mortality,"  as  it  was  called,  extended 
from  November  1,  1801,  to  January  1, 
1803,  fourteen  months.  So  little  accu- 
racy in  the  nomenclature  of  diseases  was 
thought  of  or  expected,  that  in  this  re- 
port the  people  are  said  to  have  died  of 
"flux,"  "hives,"  "putrid  fever,"  "rash," 
"  lingering  illness,"  (which  certainly  was 
not  a  rash  performance),  "  stoppage," 
"breaking  out,"  "fits,"  etc.  The  first  re- 
liable report  was  that  made  in  the  year 
1866,  after  the  organization  of  the  Metro- 
politan Board  of  Health.  In  the  sec- 
ond annual  report  in  1867,  the  beneficent 
results  of  the  institution  of  the  Health 
Board,  and  of  the  sanitary  reforms  exe- 
cuted under  its  superintendence,  were 
shown  by  the  fact  that  there  were  3,152 
less  lives  lost  during  the  first  year  of  its 
administration  as  compared  with  the  pre- 
ceding year.  The  report,  moreover, 
showed  that  this  gain  had  been  mainly 
in  the  chances  of  life  at  the  adult  ages, 
and  in  the  districts  where  the  greatest 
amount  of  sanitary  work  had  been  per- 
formed. The  causes  of  insalubrity  af- 
fecting infant  mortality  were  not  yet 
within  control.  In  the  year  1868,  the 
work  of  registration  was  extended  and 
specialized  in  such  a  way  that  compari- 
sons could  be  made  in  the  death-rate 
between  portions  of  the  city  occupied  by 
a  degraded  and  overcrowded  population, 
jand  those  more  favorably  situated,  wheth- 
er in  point  of  natural  advantages  or  in 
the  character  of  inhabitants. 

This  specialization  enabled  the  sani- 
tary inspectors  to  judge  of  the  value  of 


their  labors,  in  the  matter  of  cleansing 
and  disinfection.  In  fact,  they  had  low- 
ered the  death-rate  in  certain  of  the  most 
wretched  wards  below  that  in  some  of 
the  best,  sanitation  in  these  latter  hav- 
ing been  omitted.'  The  registration  ex- 
tended also  to  the  effect  of  modes  of 
living  upon  the  death-rate,  and  in  this 
manner  pointed  out  the  necessity  of  con- 
trolling the  excessive  mortality  in  tene- 
ment houses.  That  health  reports  when 
promptly  and  intelligently  used  might  be 
effectively  employed  in  the  j>revention  of 
disease,  was  shown  by  the  use  of  the  re- 
turns made  during  the  last  two  weeks  in 
July,  1868.  The  Registrar,  apprehend- 
ing that  the  infective  quality  of  Asiatic 
cholera  might  prove  to  be  present  in  the 
rapidly  fatal  diarrheas  then  prevalent, 
sent  warning  to  the  Surgeon-General  of 
the  United  States  Army,  in  consequence 
of  which  the  General  in  charge  of  the  re- 
cruiting and  transportation  of  troops, 
ordered  the  immediate  suspension  of  that 
branch  of  the  army  service  in  New  York. 
Valuable  illustrations  of  the  relation  ex- 
isting between  damp  houses  and  pul- 
monary consumption  were  obtained  by 
selecting  certain  wards  of  the  city,  and 
forming  maps  in  which  every  death  from 
phthisis  for  a  number  of  years  was 
marked  on  the  chart  opposite  the  locality 
of  its  occurrence.  The  evidence  so  ob- 
tained pointed  to  an  excess  of  consump- 
tion at  the  lowest  levels,  and  in  two  of 
the  wards  to  a  crowding  of  fatal  cases  of 
this  disease  in  localities  unusually  damp 
and  in  rainy  seasons  flooded,  although, 
these  dwellings  differed  in  no  other  re- 
spect from  the  average  of  the  ward.  The 
results  obtained  in  this  manner  were 
deemed  so  valuable  that  the  registra- 
tion was  applied  to  each  house  in  the  city. 
In  this  way  excessive  mortality  in  any 
locality,  or  from  any  special  class  of  dis- 
eases, become  known  at  once  to  the  sani- 
tary inspectors. 

With  regard  to'the  registration  of  mar- 
riages, improvement  was  more  difficult. 
The  system  of  registration,  expecting  a 
voluntary  support  from  clergymen  and 
civil  officers  concerned,  could  secure  very 
partial  returns,  and  it  was  only  by  dif- 
fusing information  through  the  press  and 
the  lavish  distribution  of  circulars  that 
the  accuracy  and  completeness  of  the  re- 
turns in  this  respect  could  be  improved. 
An   inquiry  into   the  number   of  births 
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registered,  as  compared  with  that  which 
the  Board  had  reason  to  believe  occurred, 
revealed  a  deficiency  in  the  registry  of 
65  per  cent.  It  has  been  stated  by  an 
American  writer  on  these  topics  that  "it 
would  be  impossible  for  a  large  portion 
of  the  adult  men  and  women  born  in  the 
United  States  to  prove  by  any  public  re- 
cords or  other  legal  documents,  that  they 
were  legitimate  offspring,  with  a  natural 
right  to  the  name  they  bear,  or  even  that 
their  parents  were  ever  married." 

The  system  of  mortality  registration 
was  gradually  improved  until  the  returns 
made  in  the  year  1871  were  probably 
nearly  perfect.  When  compared  with  the 
mortality  in  other  cities,  this  accuracy 
told  against  New  York,  for  while  its 
death  rate  was  28.6  per  thousand,  that  of 
St.  Louis  in  the  same  year  was  reported 
at  17  in  a  thousand;  of  Rochester,  16; 
Buffalo,  14,  and  Jersey  City  only  7.  In 
the  matter  of  marriages  and  deaths,  the 
increased  knowledge  among  clergymen, 
physicians  and  others,  on  whose  voluntary 
co-operation  the  registration  largely  de- 
pended, had  resulted  in  an  aj)parent  in- 
crease in  the  annual  marriage  and  birth 
rate,  but  still  the  number  of  births  re- 
turned was  probably  less  by  10,000  than 
the  true.  In  the  following  year  the  board 
instituted  suits  against  these  parties, 
which  had  a  beneficial  effect,  but  it  be- 
came evident  that  nothing  short  of  im- 
portant changes  in  the  law  would  secure 
completeness. 

I  have  been  thus  particular  in  narrating 
the  history  of  vital  registration  in  New 
Tork,  because  this  city  was  the  first,  to 
undertake  a  reform,  and  because  its  re- 
ports were  the  first  which  attempted  to 
keep  abreast  with  the  developments  of 
sanitary  science,  and  to  diffuse  this 
knowledge  broadcast.  The  course  of 
legislation  on  these  points  is  one  which 
every  city  and  State  has  gone,  or  is  going, 
through.  In  reference  to  New  Jersey 
the  facts  are  so  fresh  that  I  scarcely  need 
recall  them.  At  each  meeting  of  the 
New  Jersey  State  Sanitary  Association, 
since  its  origin  three  years  ago,  the  in- 
accuracy and  worthlessness  of  the  State 
Vital  Statistics  were  conclusively  shown 
in  the  reports  of  the  committees  on  this 
subject.  The  association  formulated  a 
protest,  and  appointed  a  special  legisla- 
ture to  memorialize  the  Legislature.  By 
these  means,  and  by  the  efforts  of  the 


State  Board  of  Health,  public  opinion  on 
the  subject  was  awakened,  and  so  far 
educated  that,  during  the  winter  just 
passed,  a  law  was  enacted  which  gives  to 
New  Jersey  one  of  the  best  systems  of 
registration  as  yet  devised  in  this  coun- 
try. It  has  incorporated  in  it  two 
features  to  which  its  peculiar  excellence 
are  due,  and  which  should  be  universally 
copied ;  1st.  That  of  issuing  burial  per- 
mits only  after  registry  has  been  made 
by  a  properly  qualified  person.  2d.  The 
returns  are  made  to  an  expert,  who  col- 
lates them  in  accordance  with  the  views 
of  the  most  eminent  authorities,  and 
draws  from  them  their  most  important 
teachings  for  immediate  and  very  practi- 
cal application. 

II.       REGISTRATION    OF    DISEASE. 

We  must  not  rest  content,  however, 
with  the  returns  of  mortality — we  should 
advance  to  the  registration  of  disease. 
This  is  practicable,  and  if  not  in  all,  yet 
in  that  large  class  of  diseases  in  their 
nature  preventable,  of  universally  ac- 
knowledged utility.  We  do  not  delay 
until  a  street  brawl  becomes  a  riot,  before 
notifying  the  magistrate  and  securing 
police  aid,  neither  should  we  wait  until 
diphtheria,  typhoid,  etc.,  become  epidemic 
before  sending  intelligence  to  the  custo- 
dians of  the  public  health.  But  this  is 
not  all  to  make  their  knowledge  of  pub- 
he  utility,  these  custodians  must  be  in- 
vested with  adequate  powers.  At  present 
there  is  little  more  expended  upon  the 
whole  work  of  the  Board  of  Health  of 
the  State  of  New  Jersey  during  an  en- 
tire year  than  the  pay  of  two  policemen. 
Its  members  labor  without  remuneration 
for  the  Sanitas  Publica.  Their  power  is 
mainly  the  educational  impetus  of  just 
ideas,  forcibly  expressed.  There  are 
many  ways  of  promoting  sanitary  re- 
forms, but  none  it  appears  to  me  so  prac- 
tical as  that  of  giving  to  the  Health 
Board  the  money,  means  and  men  to 
register  diseases,  to  investigate  their 
causes,  to  suggest  and  promote  their 
remedies,  and  not  unfrequently  to  bring- 
off enders  to  suitable  punishment. 

III.       THE    SANITARY   LEGISLATION. 

There  is  a  source  of  danger,  as  this 
last  summer  has  strikingly  shown,  which 
cannot  be  warded  off  by  sanitary  legisla- 
tion when  limited  to  a  few  of  the  States. 
If  those  States,  which  are  the  seats  of 
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yellow  fever,  year  after  year,  do  not  pro- 
vide efficient  precautions  to  suppress  or 
control  the  epidemic,  it  will  annually 
invade  other  localities  following  the 
lines  of  travel,  and  spreading-  northward 
to  the  Mississippi  basin.  We  have  re- 
cently seen  the  alacrity  with  which  more 
favored  communities  came  to  the  relief 
of  those  afflicted  with  the  epidemic. 
Help  of  every  description  was  sent  until 
the  bountiful  jDublic  was  asked  to  hold 
its  hand.  While  the  terrible  plague 
lasted,  was  not  thought  a  time  for  good 
advice,  but  for  good  deeds.  Now  that 
the  danger  is  over,  the  time  has  arrived 
to  avert  similar  visitations  in  future. 
Does  it  appear  unreasonable  to  ask  for 
the  most  skillfully  devised  sanitary  regu- 
lations in  localities  where  such  a  pesti- 
lence may  germinate  %  Recent  events  have 
elicited  a  vast  deal  of  discussion  as  to 
the  origin  of  these  epidemics  and  the 
modes  of  combating  them.  There  is 
want  of  harmony,  however,  in  all  points 
but  this,  that  some  of  the  factors,  which 
are  concerned  in  originating  the  disease, 
are  within  human  control,  and  prevention 
therefore,  is  the  duty  of  the  authorities 
where  the  disease  germinates.  Those  in- 
volved in  the  consequences  of  neglect  of 
these  duties,  however  remote  their  homes, 
have  a  right  to  ask  reform.  This  agita- 
tation  should  not  be  allowed  to  die  out 
with  the  pressure  of  the  calamity  which 
aroused  it.  It  should  be  continued  until 
every  one  of  the  States  has  an  efficient 
health  code.  At  present  the  majority 
have  either  none  or  very  deficient  health 
laws.  Massachusetts  has  .  strikingly 
shown  its  general  enlightenment  by  be- 
ing the  first  State  to  have  an  efficient 
health  board  and  a  wisely-devised  code 
of  sanitary  legislation.  New  York  and 
Pennsylvania  have  neither,  though  stren- 
uous efforts  have  been  made  by  public- 
spirited  individuals  to  do  away  with  the 
stigma.  In  the  West,  Michigan  has  been 
distinguished  by  the  excellence  of  its 
sanitary  legislation,  and  the  voluminous 
and  valuable  publications  of  its  State 
Health  Board. 

But  Arkansas  and  Missouri  are  sadly 
deficient,  and  the  case  is  even  worse  in 
Iowa,  Kentucky  and  Indiana.  Some  at- 
tempts to  supply  the  most  pressing 
wants  have  been  made  in  Florida,  and  in 
North  and  South  Carolina,  and  health 
laws   are  not    entirely   wanting   in    the 


statute  books  of  New  Hampshire,  Maine 
and  Rhode  Island.  The  necessity  of  edu- 
cating the  people  in  each  State,  before 
the  requisite  legislation  is  secured,  will 
require  a  considerable  period  to  elapse 
before  all  the  States  have  systems  o,f  laws 
in  accordance  with  modem  knowledge. 
In  the  meantime,  in  the  name  of  all  those 
good  men  who  have  perished,  and  as  an 
acknowledgment  of  the  nation's  charity, 
let  the  plague-stricken  States  of  the  Gulf 
and  the  Mississippi  basin  lose  not  a  day 
in  adopting  the  wisest  precautions,  ex- 
perience and  investigation  can  offer. 
Straggling  as  we  are  in  this  country  to* 
have  the  importance  of  sanitary  legisla- 
tion generally  recognized,  the  progress 
made  in  some  directions  is  highly  en- 
couraging. It  is  probable  that  no  com- 
munity will  take  steps  to  leam  what  is 
essential  to  its  health  before  it  has  suf- 
fered from  lack  of  information.  To  the 
distress  of  London  the  world  owes  those 
great  works  of  the  Royal  Commissioners 
on  Water  Supply  and  the  Pollution  of 
Rivers,  which  are  the  repertory  of  the 
best  knowledge  on  these  topics.  The 
manufactories  of  England  have  made  it 
necessary  for  the  government  to  take 
cognizance  of  aerial  impurities,  and  which 
has  been  done  in  that  country  towards 
establishing  a  chemical  climatology. 
Similarly  the  pollution  of  the  Passaic 
by  the  manufacturing  towns  above  has 
caused  inquiries  to  be  set  on  foot,  akin  to 
those  referring  to  the  pollution  of  the 
Thames,  and  has  given  rise  to  extended 
inquiries  into  the  methods  and  aims  of 
water  analysis.* 

An  attempt  was  made  to  deprive  the 
inhabitants  of  New  York  of  some  of  their 
public  parks  and  occupy  them  with  build- 
ings devoted  to  military  and  other  pro- 
poses. The  more  public-spirited  citizens 
came  to  the  rescue,  and  through  the  in- 
fluence exerted,  a  Public  Parks  Associa- 
tion, and  other  means  preserved  the  open 
squares  as  breathing  places  and  pleasure 
grounds.  The  association  recognized  as 
its  principle  of  action,  that  to  preserve 
the  parks  they  must  be  improved.  The 
proposition  was  made  and  eloquently  ad- 
vocated by  Dr.  Seguin,  that  the  physical 


*  Report  to  the  Board  of  Public  Works  of  Jersey  City. 
Professors  Hurtz  and  Leeds,  Analytisehe  Bertrage,  Prof. 
Leeds,  Zeitsohi  fur  Anal.  Chem.,  ]STS.  Recent  Progress- 
in  Sanitary  Science,  ibid.  Annals  of  the  Lyceum  of 
Natural  History,  N.  Y.,  vol.  si.,  1S7S.  Water'Supply  of. 
the  State  of  New  Jersey,  ibid.  Journal  Franklin  Institute. 
March  and  April,  187S. 
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as  well  as  the  spiritual  well-being-  of  the 
citizens  at  large  would  be  powerfully 
augmented  by  making  the  public  gardens 
out-door  schools,  supplementing  the  in- 
door school  system  by  that  in  wliich  they 
are  lamentably  deficient,  an  education  in 
the  phenomena  of  plant  and  animal  life. 
A  beginning  in  this  direction  has  been 
made  in  the  Botanical  and  Zoological 
Museums  of  the  Central  Park  of  New 
York,  and  in  the  Fairmont  Park  in  Phila- 
delphia, but  these  are  remote  from  the 
centers,  and  the  objects  of  study  should 
be  placed  where  they  covdd  constantly 
appeal  to  the  eye.  The  hygienic  value  of 
gratifying  the  sense  of  beauty  as  well  as 
satisfying  the  requirements  of  use  is 
more  and  more  recognized.  The  first 
society  on  this  side  of  the  water  organized 
with  this  object,  was  the  so-called 
"Land  Hill  Association,"  of  the  village 
of  Stockbridge,  in  Western  Massachu- 
setts. After  twenty  years  of  activity, 
the  result  has  been  to  produce  a  village 
of  exceeding  loveliness.  Thousands  of 
trees  have  been  planted  out  along  the 
road-sides.  The  village  cemetery,  form- 
erly neglected,  has  been  surrounded  by 
an  exquisitely  kept  hedge.  Monuments 
have  been  erected  to  the  memory  of  vil- 
lagers whose  subsequent  achievements 
have  made  the  place  of  their  birth  illus- 
trious. Prizes  have  been  offered  for 
those  who  labored  most  efficiently  to  im- 
prove the  health  and  beauty  of  their 
native  town,  and  for  these  prizes  the 
poor  as  well  as  the  opulent  contend.  In 
fact  the  neatly  kept  side-walks,  the  at- 
tractive gardens,  the  pretty  cottages  of 
the  poor  are  a  better  indication  of  what 
healthy  pride  can  do  for  a  community 
than  the  trim  lawns  of  the  rich.  I  need 
not  add,  that  in  a  community  where  these 
things,  which  add  grace  and  beauty  to 
the  daily  life  have  been  done,  the  more 
important  works  of  water-supply,  drain- 
age, sewerage,  etc.,  have  not  been  left 
undone.  Similar  associations  have 
sprung  up  throughout  New  England.  In 
Williamstown  the  villagers  have  thrown 
down  every  fence,  and  this  most  pictur- 
esque of  country  villages  is  a  beautiful 
park,  through  which  the  houses  of  the 
inhabitants  are  scattered.  Some  of  the 
towns  of  New  Jersey  have  caught  the 
spirit  of  improvement,  and  recently  I 
heard  that  Boonton,  for  which  nature  has 
done  so   much,  was  about  to  turn  this 


bounty  to  account,  and  fill  the  houses, 
wliich  a  reverse  of  industrial  prosperity 
had  left  vacant,  with  tenants  attracted 
by  its  added  charms  of  nature  and  art. 

IV.       VENTILATION. 

In  the  matter  of  ventilation,  a  consid- 
erable advance  on  the  whole  is  to  be 
noted — in  other  words,  the  percentage 
of  failures  to  successes,  in  cases  where 
methods  of  ventilation,  for  the  time 
being  in  vogue,  have  been  tried,  is 
slowly  growing  smaller.  The  volume 
of  scientific  literature,  founded  on  our 
increasing  knowledge  of  the  properties 
of  materials,  of  gases  and  of  heat,  grows 
more  rapidly  than  the  generally  accepted 
rides  by  which  the  art  of  ventilation  is 
to  be  practised.  It  is  noteworthy  that 
there  are  few  persons  who  do  not  regard 
themselves  competent  to  arrange  the  ven- 
tilation of  an  ordinary  building,  and  it 
has  hitherto  been  left  largely  to  the 
builder,  the  vestryman  and  the  school- 
trustee.  This  should  not  be  the  case. 
"What  advance  has  been  made  is  mainly 
due  to  the  specialization  of  this  kind  of 
professional  labor — the  formation  of  a 
class  of  engineers  who  devote  themselves 
exclusively  to  problems  of  this  character, 
and  who  have  fought  their  way  into  prac- 
tice by  successful  work  accomplished. 
The  architect  submits  his  plans  to  these 
specialists,  who  add  to  them  the  requisite 
details  of  heating  and  ventilation.  It 
would  be  a  great  step  in  the  interests  of 
sanitary  science  if  the  school  or  hospital 
trustee  would  not  think  it  devolved  upon 
them,  as  a  portion  of  their  office,  to  be- 
come for  the  time  being  an  authority 
upon  ventilation,  and  if  they  were,  as  a 
proceeding  of  sound  economy,  to  relegate 
this  duty  to  persons  properly  qualified. 
As  a  matter  of  fact  these  qualifications 
are  obtained  at  a  considerable  expense  to 
the  community,  for  in  this  stage  of  the 
art  of  ventilation,  there  being  no  authori- 
ty universally  recognized  and  but  few 
generally  conceded  rules,  every  sanitary 
engineer  goes  through  a  similar  series  of 
experiments  and  failures  before  he  ar- 
rives at  a  reasonably  successful  method 
in  practice. 

As  far  as  I  can  learn  there  appear  to 
have  been  great  successes  as  well  as  great 
failures,  whether  the  system  of  ventila- 
tion by  aspiration  has  been  resorted  to 
or  that  by  propulsion.     At  the  present 
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time  many  authorities  of  note  have  de- 
clared in  favor  of  mechanical  ventilation. 
And  yet  in  a  number,  I  might  say  in 
most  of  the  asylums  and  hospitals  in  this 
country  where  fans  have  been  introduced, 
they  are  now  standing  still.  The  Roose- 
velt Hospital,  for  instance,  in  New  York, 
where  the  fan,  after  having  been  put  in 
operation,  was  run  backwards  and  was 
run  so  for  months.  It  is  now  stopped. 
This  is  one  fact  of  many,  which  would 
make  us  chary  of  affirming  positively  that 
either  system  is  the  better.  Probably 
both  discreetly  applied  yield  good  re- 
sults, and  in  their  skillful  application  and 
not  less  the  faithful  supervision  of  the 
ventilating  apparatus  after  introduction 
are  good  results  to  be  sought. 

V.       PHYSICAL    EDUCATION   IN    SCHOOLS   AND 
COLLEGES. 

Progress  in  this  direction  has  been  ini- 
tiated at  our  highest  seminaries  of  learn- 
ing, and  is  slowly  working  its  way  down- 
ward through  our  educational  system.  I 
;do  not  refer  to  so-called  athletic  sports, 
although  these  had  not  attained  to  much 
prominence  in  our  colleges  prior  to  the 
year  1850,  but  to  the  introduction  of 
physical  exercise  and  instruction  on 
hygiene  as  a  part  of  the  college  curricu- 
lum. This,  so  far  as  I  am  aware,  was 
first  successfully  accomplished  in  Am- 
herst College,  and  now,  after  a  trial  of 
nearly  twenty  years,  is  still  regarded  as 
an  indispensable  adjunct  of  the  college 
course.  The  dignity  of  this  department 
of  instruction  is  emphatically  recognized 
by  appointing  to  it  only  distinguished 
members  of  the  medical  profession  and 
including  them  in  the  college  faculty  on 
the  same  footing  as  the  other  professors. 
It  is  made  their  first  duty  to  know  the 
physical  condition  of  every  student,  and 
to  see  that  the  laws  of  health  are  pre- 
served by  them.  In  case  of  sickness,  the 
students  apply  to  this  officer  for  a  suita- 
ble certificate,  which  excuses  them  from 
college  duties,  and  are  put  in  the  way  of 
obtaining  suitable  treatment.  The  statis- 
tics of  the  bodily  condition  of  the  stu- 
dents are  regularly  and  frequently  se- 
cured, and  are  supplying  a  collection  of 
"  physiolgical  constants,"  which  are  of 
growing  interest,  and  supply  practical 
helps  in  determining  whether  the  stu- 
dent's physical  condition  is  within  the 
bounds  of  health,  and  whether  their  de- 


velopment from  time  to  time  is  normal 
or  otherwise. 

All  the  classes  are  required  to  attend 
the  gymnasium  exercises  four  times  a 
week,  and  the  regularity  and  faithfulness 
in  this  is  made  an  element  in  collegiate 
standing.  The  performances  are  accom- 
panied with  music,  and  arranged  to  give 
full  play  to  the  animal  spirits.  This 
and  the  advantages  personally  experi- 
enced by  the  students,  have  conspired  to 
make  the  gymnastic  fully  as  popular  and 
well-attended  as  the  literary  exercises. 
Finally,  the  intelligent  co-operation  of 
the  students  is  secured  by  instruction 
upon  the  means  of  preserving  health. 
physical  and  mental,  with  supplement- 
ary lectures  upon  human  anatomy  and 
physiology.  Prof.  Hitchcock  writing* 
of  the  chances  of  life  of  the  young 
men  under  this  hygienic  discipline 
as  compared  with  men  of  the  same  age 
elsewhere,  says  "  it  is  regarded  as  an  es- 
tablished law  that  the  chances  of  life- 
grow  less  and  less  from  about  the  fifteenth 
to  the  twenty-third  year,  and  the  rate  of 
decrease  is  very  rapid.  But  the  tables  of 
health,  as  kept  at  Amherst  College,  show 
that  there  is  an  improvement  in  health 
from  year  to  year  through  the  course,  the 
ages  being  from  nineteen  to  twenty-three. 
For  taking  the  number  of  sick  men  in 
the  freshman  class  as  unity,  the  number 
in  the  sophomore  year  is  0.912,  in  the 
junior,  0.759,  and  hi  the  senior  but  0.578, 
the  percentage  of  sickness  during  the 
college  course  diminishing  to  nearly  one- 
half. 

In  the  light  of  this  successful  experi 
ment  continued  for  a  period  of  twenty 
years,  it  is  not  premature  to  m'ge  upon 
colleges  generally  the  formation  of  a 
similar  department ;  and  for  my  own  part 
I  see  no  method  of  raising  the  character 
of  public  school  instruction  so  effectually, 
than  that  of  giving  to  the  physical  train- 
ing of  the  children  a  very  prominent 
place. 

VI.       HEALTH   RESORTS. 

The  growing  facilities  each  year  for 
travel  are,  steadily  increasing  the  number 
of  citizens  who  visit  the  country,  the  sea 
shore  and  the  mountains.  A  salubrious 
village  is  frequently  transformed  into  a 
center  of  pestilence  merely  by  such  in- 
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flux  of  strangers,  the  entirely  natural 
means  of  disposal  of  refuse  and  excuta 
no  longer  being  adequate,  and  the  arti- 
ficial methods  not  being  provided  until 
an  outcry  due  to  disease  is  raised. 

In  no  way,  however,  is  the  growing  in-  J 
telligence  on  sanitary  matters  more 
strikingly  shown  than  by  the  extreme 
sensitiveness  of  pleasure  seekers  to  the 
salubrity  of  summer  resorts,  in  respect  to  | 
water,  sewerage  and  drainage.  Of  the 
multitude  of  illustrations  I  need  but 
speak  of  Bethlehem,  in  New  Hampshire, 
a  beautiful  village  situated  1,700  feet 
above  sea  level,  and  so  renowned  for  the 
purity  of  its  atmosphere;  that  of  the 
40,000  hay  fever  patients,  whom  Dr. 
Beard  has  calculated  exist  (and  hay  fever 
patients  say  that  life  to  them  is  only  a 
tolerable  existence)  in  this  country, 
several  thousands  annually  spend  part  of 
the  summer  there.  Its  popularity  in- 
creased in  a  few  years  so  rapidly  that  a 
crowded  village  soon  arose,  and  during 
the  summer  of  1877  an  outcry  was 
made  concerning  drainage.  The  towns 
people  realizing  that  the  reputation  of 
salubrity  being  the  wealth  of  the  town, 
steps  must  be  taken  at  once  to  preserve 
it.  They  did  so  and  during  the  present 
summer  the  influx  of  visitors  has  been 
greater  than  ever. 

These  two  stages  in  the  growth  of  a 
summer  resort — its  sanitary  degradation 
and  subsequent  rehabitation — cannot  be 
witnessed  in  every  phase  of  their  devel- 
opment, along  the  entire  coast-line  of 
the  State  of  New  Jersey.  This  great 
sea-side  resort,  a  hundred  miles  in  length, 
stretching  from  Sandy  Hook  to  Cape 
May,  is  rapidly  growing  into  an  almost 
continuous  city.  It  harbors  each  sum- 
mer a  vast  multitude  from  our  two 
Metropolitan  cities,  and  from  the  middle 
and  middle  Western  States.  Even  as  a 
Sanibarium  in  winter,  the  physicians  of 
Philadelphia,  during  the  past  lustrum, 
have  recognized  the  great  advantages 
that  were  pointed  out  by  Dr.  John  Toney 
nearly  a  half  century  ago,  and  are  send- 
ing their  patients  in  need  of  change  of 
air  to  Atlantic  City  and  neighboring 
points.  The  arid  expanses  of  its  sandy 
shore  have  become  in  this  way  one  of  the 
principal  sources  of  income  to  the  State. 
Would  it  not  then  be  a  highly  remunera- 
tive policy  for  the  State  to  maintain  their 
attractiveness.     As  a  fact,  nothing  of  a 


preventive  nature  was  done.  The  shal- 
low pits,  which  provided  surface  water 
for  drinking  and  other  purposes  when 
the  population  was  sparse,  were  multi- 
plied when  the  visitors  came  by  many 
thousands.  Malarial  and  typhoid  fevers 
were  rife  in  spots  which  the  sea-breezes 
visited  every  day.  Only  with  the  conse- 
quent suspicion  and  public  alarm  which 
threatened  to  empty  them  of  their 
patronage,  did  these  places  tardily  move 
in  the  matter  of  adequate  sanitation,  and 
now  the  universal  introduction  of  cement- 
ed cisterns  and  the  diurnal  removal  of 
garbage  under  the  stringent  regulations 
of  local  Boards  of  Health,  attest  the  pur- 
pose of  the  great  sea-side  sanitarium  to 
retain  its  highly  profitable  reputation. 

VII.  SANITARY  ADVANTAGE  OF  DOING  AWAY 
WITH  ILLUMINATING  GAS  AS  A  MEANS 
OF    ILLUMINATION. 

Any  process  of  illumination  which  re- 
turns to  the  confined  atmosphere  we 
breathe  the  products  of  combustion  is 
theoretically  open  to  objection.  All 
methods  of  illumination  up  to  the  pres- 
ent time  have  depended  on  some  process 
of  rapid  combustion,  oxygen  being  with- 
drawn from  the  air,  an  equal  bulk  of  car- 
bonic acid  returned  to  it,  and  oftentimes 
a  large  amount  of  heat  as  compared  with 
the  amount  of  light  liberated  in  the  pro- 
cess. If  now  we  can  ilhuninate  without 
the  subtraction  of  vital  and  the  addition 
of  mephitic  air,  and  if,  however,  we 
can  produce  an  intense  light  without  a 
corresponding  heating  of  the  surround- 
ing atmosphere,  we  have  made  two  steps 
of  great  hygienic  value  so  far  as  the  il- 
lumination and  ventilation  of  rooms  is 
concerned. 

There  is  much  reason  for  supposing 
that  this  will  be  soon  accomplished  in 
the  wholesale  introduction  of  the  electric 
light.  By  very  many  roads  a  crowd  of 
inventors  is  pushing  forward  to  this  end. 
The  rapid  destruction  of  the  terminals 
with  the  corresponding  need  of  frequent 
adjustment  is  being  obviated  by  a  variety 
of  devices.  In  some  the  length  of  the 
carbons  is  made  invariable  by  a  supply  of 
carbon  from  a  hydrocarbon  atmosphere 
in  which  the  electric  arc  is  taken.  In 
another,  wasting  is  prevented  by  an  en- 
tire exclusion  of  oxygen,  and  the  termin- 
als are  surrounded  by  an  atmosphere  of 
pure   nitrogen.      Another    experimenter 
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separates  his  carbons  by  an  intervening 
material  over  winch  the  arc  is  found,  and 
parts  of  this  electric  candle  are  burnt 
away  at  the  same  rate.  In  one  of  these 
ways,  or  in  some  other,  the  problem  of 
lighting  by  electricity,  more  perfectly  and 
as  cheaply  as  by  illuminating  gas,  will  be 
solved,  and  we  shall  have  the  attendant 
train  of  hygienic  benefits.  In  this  mat- 
ter of  street  illumination,  the  contamina- 
tion of  the  atmosphere  by  gaseous  pro- 
ducts of  combustion  is,  of  course,  not  a 
matter  of  great  moment,  but  in  the  il- 
lumination of  those  places  of  public  as- 
sembly, the  church,  the  theater,  the  lec- 
ture-room, the  improvement  will  be  of 
much  importance. 

VEIL       SANITARY    SURVEYS. 

The  intimate  relation  between  health 
and  the  configuration  of  the  soil  has  been 
recognized  from  time  immemorial.  In 
truth  there  is  reason  to  suppose  that 
more  practical  weight  was  given  to  it  in 
ancient  than  in  modern  states  of  society ; 
for  while  in  the  former  security  from 
enemies  and  the  possible  exigencies  of  a 
protracted  siege  made  it  imperative  to 
select  high  places  capable  of  good  drain- 
age for  city  sites,  the  demands  of  com- 
merce are  now  best  met  by  towns  of  the 
lowest  level,  frequently  at  the  estuaries  of 
rivers  or  marshes  formed  at  the  confluence 
of  great  streams.  While  the  demands  of 
commerce  are  inevitable,  the  call  upon 
sanitary  science  to  avert  as  far  as  possible 
attendant  evils  is  not  the  less  urgent. 
For  this  reason  the  rapidly  increasing 
bulk  of  statistical  information  upon  this 
subject  is  a  matter  of  much  gratulation. 
The  geological  surveys  prosecuted  by  the 
State  governments,  and  latterly  extended 
to  the  shores  of  the  Pacific  by  the  mu- 
nificence of  the  National  authorities,  have 
supplied  an  admirable  foundation.  The 
hydrography  of  sea-coast  and  the  sea- 
board estuaries  has  been  executed  on  a 
basis  so  broad  and  solid  that  the  topog- 
raphy and  hypsometry  of  the  whole 
country  can  be  built  upon  it.  In  addi- 
tion to  these  we  have  a  number  of  studies 
of  the  relation  of  topographic  and  geo- 
logic featiu-es  to  one  of  all  the  various 
types  of  disease. 

Even  before  the  inquiry  instituted  by 
the  medical  staff  of  the  Privy  Council  of 
■Great  Britain,  the  extended  research  by 


Dr.  Bowditch*  demonstrated  the  intimacy 
of  the  relation  between  wet  and  retentive 
soils,  and  the  prevalence  of  consumption, 
these  conditions  of  surface-structure  being 
chargeable  with  a  thousand  deaths  from 
consumption  in  Massachusetts  alone.  Sub- 
sequently the  fluviate  and  poud  basins  of 
Massachusetts  were  surveyed  and  mapped 
out  by  Kirkwood. 

Staten  Island  having  long  lam  under 
the  ban  of  insalubrity,  a  number  of  gen- 
tlemen, interested  in  its  occupancy  and 
improvement,  instituted  a  sanitary  survey 
of  the  Island.  Dr.  Elisha  Harris  and  Mr. 
Frederic  Law  Olmstead  examining  into 
the  more  general  questions  involved,  and 
Prof.  Newbury  and  Trowbridge  the 
structural  conditions.  The  influence  of 
the  surface  soil,  and  of  the  iinderlying 
rock,  its  porosity,  its  bedding  and  its 
joints,  upon  the  local  climate,  the  drain- 
age and  the  attendant  salubrity  have 
served  as  models  for  the  conduct  of  simi- 
lar investigations,  in  various  other  por- 
tions of  the  United  States.  Prof.  Cook 
has  been  engaged  for  several  successive 
summers  in  running  a  series  of  levels 
over  much  of  the  densely  populated 
water-sheds  of  the  Hackensack  and 
Passaic,  with  similar  objects,  and  recently 
a  most  minute  inquiry  has  been  made  into 
the  soil,  contour  and  drainage  of  Hudson 
County,  by  Mr.  L.  B.  Ward,  C.E.  He 
has  determined  how  much  of  its  area, 
which  includes  the  communities  of  Jersey 
City  and  Hoboken,  and  the  smaller  towns 
of  Harrison,  Kearney,  North  Bergen, 
Union,  Weehawken  and  Bayonne,  is  up- 
land, how  much  is  marsh,  what  portion 
is  rocky,  what  occupied  by  soil  of  various 
kinds  and  where  possible,  the  nature  of 
the  substrata,  with  the  population  on 
each  tract,  and  their  condition  in  regard 
to  sewerage  and  drainage.  The  ability 
of  each  variety  of  underlying  rock,  ser- 
pentine, sandstone  and  trap,  to  cany  off 
surface  water  is  considered,  with  the  cor- 
responding influence  upon  the  surface 
temperatiu-e,  dryness  and  salubrity. 
When  we  consider  the  abrupt  changes  of 
habitat  over  this  crowded  area,  it  will  be 
seen  that  it  offers  a  field  peculiarly  favor- 
able for  the  study  of  the  effect  of  surface 
condition  upon  the  rates  and  causes  of 
mortality.  Most  fortunately  the  vital 
statistics  of  this  district  have  been  tabu- 

*  Consumption  in  New  England,  or  Locality  one  of  its 
Chief  Causes. 
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lated  with  exceptional  fullness  and  accu- 
racy under  the  superintendence  of  the 
President  of  the  Health  Board.  Dr.  L.  H. 
Elder.  These  statistics  have  been  in- 
vestigated by  M.  E.  H.  Harrison  C.E., 
of  Jersey  City,  with  extreme  care.  He 
has  plotted  upon  a  unking  map  every 
case  of  fatal  illness  arising  from  insalu- 
brious environments,  each  disease  being 
indicated  by  a  distinctive  character. 
Other  maps  are  in  course  of  preparation, 
showing  the  relations  of  surface,  contour, 
and  drainage  of  soil,  of  rock,  of  sewerage 
and  relative  density  of  population  over 
the  same  area.  So  far  as  preventable 
diseases  are  concerned,  their  causes  will 
be  made  so  plain  that  no  mscrutable 
Providence,  but  wilful  ignorance  and 
neglect  will  be  blamable '  for  failing 
victims  to  their  inexorable  operation. 

Vm.       UPON  TEE    COMPOSITION  OF   TEE   ATMOS- 
PHERE. 

In  conclusion,  gentlemen,  I  hope  I  may 
be  permitted  to  say  a  few  words  with  re- 
gard to  one  topic  of  sanitary  science 
which  for  a  long  time  has  more  particu- 
larly interested  me,  and  which  at  the 
present  time  is  the  subject  of  especial 
study — the  composition  and  purity  of  the 
atmosphere.  As  communities  grow  more 
dense,  and  factories  multiply,  the  soiu-ces 
of  aerial  impurity  augment  in  a  rapidly 
growing  ratio.  In  England,  the  Govern- 
ment has  been  forced  to  appoint  an  in- 
spector, the  celebrated  Dr.  Angus  Smith, 
who  has  made  thousands  of  examinations 
of  the  air  in  all  parts  of  the  country,  and 
directs  Government  interference  where 
persons  and  property  are  too  much  im- 
perilled by  atmospheric  contamination. 
In  Glasgow,  a  city  analyst  has  been  re- 
cently appointed  with  this  special  duty. 

New  York  is  already  showing  the  effect 
of  the  sulphurous  and  nitrous  vapors  sent 
out  from  its  myriad  chimneys.  '  Recently 
the  TJ.  S.  Signal  Officer,  in  his  room  at 
the  Equitatable  Insurance  Building,  took 
out  from  a  carefully  wrapped  package  an 
instrument  which  he  desired  to  show  me, 
and  it  was  hopelessly  corroded  by  the 
acid  vapors  sent  out  from  the  tall  chim- 
ney of  the  United  States  Assay  Office 
near  by.  In  Philadelphia  there  is  scarce- 
ly a  house  front  which  is  not  disfigured 
by  some  stain  of  magnesia  and  lime  salts, 
a  result  in  part  due  to  the  acid  vapors  in 
the  atmosphere.     And  when  rains  sweep 


down  and  carry  with  them  in  solution 
such  agents,  they  are  more  powerful  to 
corrode  metal  and  even  stone  surfaces 
than  woidd  at  first  appear  credible. 
When  one  of  the  normal  constituents  of 
the  atmosphere  is  wanting — the  ozone — it 
has  largely  lost  its  sweetening  and  disin- 
fecting powers,  and  there  is  much  reason 
for  believing  that  the  prevalence  or  se- 
verity of  Certain  diseases  is  intimately 
connected  with  the  varying  amounts  of 
ozone  in  the  atmosphere.  Unfortunately 
there  is  much  difficulty  in  estimating  the 
percentage  of  this  constituent  of  the  air, 
and  in  guarding  against  the  disturbing 
influences  upon  our  determinations  of 
other  bodies  possibly  present. 

To  overcome  these  difficulties  experi- 
ments have  been  on  foot  in  the  labora- 
tory of  the  Stevens  Institute  of  Technol- 
ogy for  many  months  past. 

Numerous  analyses  of  the  atmosphere 
collected  in  various  parts  of  the  United 
States,  have  been  made  and  recorded. 
They  will  serve  as  contributions  towards 
a  beginning  of  a  chemical  climatology  of 
this  country,  and  might  with  great  pro- 
fit to  the  physician,  the  agriculturist  and 
meteorologist  be  vastly  extended  by  Gov- 
ernment aid  in  connection  with  the  Sig- 
nal Service  and  the  Department  of  Agri- 
culture. We  cannot  do,  unaided,  as  much 
in  researches  of  this  character  as  can  be 
done  in  the  laboratories  of  the  Old  World 
by  Government  assistance,  but  we  can  at 
least  labor  in  the  hope  that  the  time  is 
not  distant  when  the  importance  of  re- 
search of  this  land,  even  if  it  does  not 
end  in  a  profitable  invention,  will  be  gen- 
erally understood  and  generously  encour- 
aged. 


Tee  committee  of  experts  appointed 
by  Secretary  Schurz  to  select  from  the 
fifteen  plans  submitted  for  the  remodel- 
ing of  the  portion  of  the  United  States 
Patent  Office  destroyed  by  fire  has  adopt- 
ed the  plan  of  Mr.  Vrydagh,  of  Terre 
Haute,  Indiana.  The  plan  embraces  the 
addition  of  an  attic  story.  The  upper 
portion  of  the  building,  which  has  been 
used  as  a  museum  for  exhibition  of  models 
and  curiosities,  will  be  remodeled  and 
made  into  office  rooms,  as  more  are  nec- 
essary, and  the  new  attic  story  will  be 
used  for  a  model  room. 
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FURTHER  APPLICATIONS  IN  THE  FLOW  OF  SOLIDS.* 

By  HENRI  TRESCA,  President  of  the  Societe  des  Ingenienra  Civile,  Paris. 
Prom  "  Iron." 


It  lias  long  been  known  that  heat  is 
developed  by  the  forging  of  a  metal; 
and  in  some  operations  connected  with 
the  platinage  of  steel,  pieces  of  steel 
subjected  to  blows  rapidly  delivered, 
may  be  raised  to  a  dark-red  heat.  This 
phenomena  does  not  ordinarily  take 
place,  except  in  working  thin  sheets; 
and  it  will  be  shown  that,  in  working 
thicker  pieces,  the  precise  situation  of 
the  greatest  development  of  heat  can  be 
recognized.  In  a  forging  operation  which 
the  author  has  had  to  conduct  on  a  large 
scale  on  an  alloy  of  iridium  with  plati- 
num, a  phenomenon  occurred  incidentally 
which  engrossed  his  whole  attention, 
bearing  intimately  as  it  did  on  the  defor- 
mation of  solid  bodies.  He  may  be 
permitted  to  refer  to  it,  though  the 
experiments  are  not  yet  completed;  and 
it  will  be  a  source  of  great  satisfaction  to 
him  to  make  known  the  first  results  of 
these  experiments  to  an  assembly  of 
English  engineers  before  any  publication 
of  them  elsewhere.  On  the  8th  of  June, 
1874,  the  author  simply  announced  the 
main  fact  at  the  Academy  of  Sciences, 
that  when  the  bar  of  platinum,  after 
having  been  forged,  had  cooled  to  a 
temperature  below  that  of  red  heat,  it 
happened  several  times  that  the  blows  of 
the  steam-hammer  which  at  the  same 
time  made  a  local  depression  in  the  bar 
and  lengthened  it,  also  reheated  the  bar 
in  the  direction  of  two  lines  inclined  to 
each  other,  forming  on  the  sides  of  the 
piece  the  two  diagonals  of  the  depressed 
part;  and  this  reheating  was  such  that 
the  metal  was  in  these  lines  fully  restored 
to  a  red  heat,  so  that  the  form  of  these 
luminous  zones  could  be  clearly  dis- 
tinguished. These  lines  of  augmented 
heat  remained  luminous  for  some 
seconds,  and  presented  the  appearance 
of  the  two  limbs  of  the  letter  X.  Under 
certain  conditions  as  many  as  six  of  these 
figures  produced  successively  could  be 
counted  simultaneously,  following  one 
another  according  as  the  piece  was  lifted 
under  the  hammer  so  as  to  be  gradually 
drawn   down   for  a  certain   part   of   its 

*  Read  before  the  Institution  of  Mechanical  Engineers. 


length.  The  appearance  of  these  lumin- 
ous traces  can  be  explained  beyond  all 
doubt.  They  were  the  lines  of  greatest 
sliding,  and  also  the  zones  of  the  greatest 
development  of  heat — a  perfectly  definite 
manifestation  of  the  principles  of  ther 
modynamics.  That  the  fact  had  not 
been  observed  before  was  evidently 
owing  to  this,  that  the  conditions  neces- 
sary to  be  combined  at  the  same  moment 
had  not  been  jjresent  under  such  favor- 
able circumstances.  Iridised  platinum 
requires  for  its  deformation  a  large 
quantity  of  work  to  be  exj)ended  upon  it. 
The  surface  takes  no  scale,  and  is  almost 
translucid  when  the  metal  is  brought  up 
to  a  red  heat.  The  metal  is  but  an  in- 
different conductor  of  heat,  and  its  spe- 
cific heat  is  low.  All  these  are  conditions 
which  are  favorable  for  rendering  the 
phenomena  visible  in  the  forging  of  this 
metal,  whilst  it  has  remained  unobserved 
with  all  others.  Although  this  explana- 
tion was  what  was  to  be  expected,  the 
author  nevertheless  proceeded  to  justify 
it  by  experiments  of  a  more  direct 
character,  of  which  some  account  will 
now  be  given ;  and  which  constitute  the 
chief  motive,  and  it  may  be  added  the 
chief  point  of  interest  in  this  communica- 
tion. Given  a  bar  of  metal  at  the  ordin- 
ary temperature,  if,  after  having  coated  it 
with  wax  or  with  tallow  on  two  faces,  it 
be  subjected  to  a  single  blow  of  the 
steam-hammer,  the  wax  melts  where  the 
depression  is  produced,  and  it  is  observed 
that  the  melted  wax  assumes  in  certain 
cases  the  form  of  the  letter  X,  as  was 
observed  in  the  case  of  the  platinum  bar. 
In  other  cases  the  linibs  of  the  cross  are 
ciuwed,  presenting  their  convex  sides  to 
each  other.  The  heat  has  then  been 
more  widely  disseminated,  and  the  wax 
melted  over  the  whole  of  the  interval  by 
which  the  curves  are  separated. 

The  prism,  which  has  this  melted  out- 
line for  base  and  for  height  the  width  of 
the  bar,  represents  a  certain  volume  and 
a  certain  weight ;  and  if  it  be  admitted 
that  the  whole  piece  has  been  raised  to 
the  temperature  of  the  melted  wax,  the 
elevation    of   temperature    represents    a 
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certain  quantity  of  heat,  or,  in  the  ratio 
of  the  mechanical  equivalent,  a  certain 
•quantity  of  internal  work  which  is 
directly  exhibited  by  the  experiment.  In 
comparing  this  work  with  the  work  done 
by  the  fall  of  the  hammer,  a  coefficient  of 
efficiency  is  obtained  which  amounts  to 
not  less  than  70  per  cent.  This  value 
cannot  be  taken  as  final;  it  depends 
upon  the  conductibility  of  the  metal,  on 
the  stiffness  of  the  apparatus,  and  on  the 
clearness  of  outline  of  the  melted  sur- 
face. But  what  the  author  is  desirous  to 
impress  rq:>on  the  meeting  is,  that  here 
there  is  a  return  to  the  first  methods  of 
Mr.  Joide,  and  that  the  author's  investi- 
gations of  the  flow  of  solids  conduct  him 
to  certain  thermodynamic  demonstra- 
tions. 

The  following  are  the  numerical  data 
for  some  of  these  experiments,  together 
with  the  illustrative  figures: — 
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In  the  last  experiment,  taking  as 
melted  the  area  of  wax  included  between 
the  hammer  and  the  crosses,  a  useful 
effect  of  94  per  cent  is  obtained. 

Stamping. — The  objeqt  of  stamping  is 
to  dispose  the  relative  displacements  in 
given  directions,  in  order  to  pass  from 
the  primitive  form,  supplied  direct  by 
the  maker,  to  the  definitive  fonn  which 
is  desired  to  be  accomplished.  From 
this  point  of  view,  the  die  is  a  kind  of 


channel  designed  to  facilitate  the  flow  of 
the  material,  and  to  guide  in  the  most 
suitable  direction  or  directions.  When 
it  is  required  to  draw  down,  by  stamping, 
a  square  bar  of  iron,  each  blow  of  the 
hammer  causes  transverse  enlargement 
as  well  as  elongation;  and  the  useless 
enlargement  is  advantageously  obviated 
if  it  be  prevented  by  the  presence  of  the 
sides  of  the  canal.  If  it  be  well  to  em- 
ploy the  stamp  in  simply  drawing  down 
a  bar,  how  much  more  indispensable  is  it 
when  the  variation  of  fonn  is  more  com- 
plex? The  simple  idea  of  flow  supplies 
material  for  forming  a  rational  judgment 
on  the  successive  dispositions  of  the 
stamps  required  for  the  intermediate 
operations;  and  also  on  the  adjustment 
of  the  sections  of  rolls,  which  are  but 
circular  stamps  or  molds,  by  means  of 
which  iron  is  drawn  out.  That  all  these 
phenomena  are  but  various  forms  of  flow, 
of  which  in  most  cases  the  circumstances 
can  be  anticipated,  may  be  shown  by 
other  experiments  which  will  now  be 
described. 

The  most  characteristic  of  these 
experiments  is,  perhaps,  the  following: — 
Having  completely  effaced  the  reverse  in 
relief  of  a  piece  of  money,  place  the  flat 
surface  on  a  sheet  of  lead,  and  flatten  the 
second  face  in  the  stamping  press.  The 
whole  relief  of  tins  face  will  be  produced 
on  the  face  which  had  been  reduced  to 
flatness;  and  the  design  of  this  relief 
will  be  imprinted  on  the  lead.  This 
effect  is  explained  by  the  circumstance 
that  each  vertical  thread  or  fibre  of  mole- 
cules, being  separately  compressed  in  the 
direction  of  its  length,  flows,  when 
struck,  with  greater  facility  into  the  lead 
than  into  the  other  parts  of  the  piece. 
The  saliencies,  as  reproduced,  are  less, 
no  doubt,  than  in  the  original  relief, 
whilst  the  more  delicate  features  are 
partially  obliterated,  but  the  general 
effect  is  reproduced,  and  it  is  apparent 
that  the  flow  takes  place  in  the  direction 
of  the  depth,  which  is  also  the  direction 
of  least  resistance.  On  the  reverse  of 
the  sheet  of  lead,  which  has  necessarily 
been  reduced  in  thickness  by  the  effect 
of  the  imprint,  the  image  will  be  found 
repeated  in  a  more  confused  manner,  and 
it  may  be  distinguished  by  a  peculiar 
tint,  which  indicates  a  well-defined  geo- 
metrical transformation ;  the  lead  having 
flowred  in  a  horizontal  direction,  as  the 
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only  way  of  escape  when  its  surface  was 
depressed.  This  amplification  or  en- 
largement takes  place  in  the  proportion 
of  22  to  13,  when  the  plate  of  lead  is 
Jpinch  thick. 

An  entirely  different  effect  is  produced 
when  a  metal  is  struck.  The  blank  piece 
having  been  placed  in  the  matrix,  the 
portions  which  are  not  to  be  raised  in 
relief  by  the  action  of  the  press  are 
reduced  in  thickness,  for  the  benefit  of 
the  neighboring  portions,  which  are 
raised;  the  metal  literally  flowing  in 
radial  directions,  from  the  hollows  to 
the  reliefs  by  which  they  are  surrounded. 
If  the  metal  has  only  an  engraved  face,  it 
may  be  made  up  of  several  blanks  of 
equal  thickness  superposed.  The  same 
mode  of  distribution  of  the  molecules 
takes  place,  and  is  manifested  by  succes- 
sive imprinting  at  each  face,  in  which  the 
final  relief  is  more  or  less  obliterated. 
It  is  so  clearly  a  manifestation  of  flow 
that  takes  place  under  these  conditions, 
that  if  the  bottom  of  the  matrix  be 
hollowed  out  at  the  center,  then,  the 
material  which  converges  from  the 
circumference  exciting  a  pressure  to- 
wards the  center,  the  central  portion  of 
the  blank  is  driven  towards  the  orifice, 
where  it  forms  a  very  regularly  shaped 
boss;  admitting  of  the  transformation  of 
a  relief  executed  on  a  plane,  into  a 
similar  relief  on  a  surface  which  has 
become  very  convex  or  very  concave, 
according  as  the  design  pertains  to  the 
upper  or  the  lower  face  of  the  blank. 
To  an  analogous  cause  the  presence  of 
scars  sometimes  observed  on  metals 
highly  relieved,  is  to  be  attributed; 
these  scars  being  produced  simply  by 
the  junction,  during  the  latter  strokes  of 
the  edges  of  the  bosses  which  are  formed 
by  the  earlier  strokes.  When  the  medal 
is  relieved  on  both  faces,  if  it  be  made 
up  several  plates  superposed,  it  is  inter- 
esting to  remark  the  successive  develop- 
ments and  effacements  of  the  images  on 
both  sides  of  the  plates;  mingling  and 
merging  in  each  other  in  a  singular  man- 
ner. Rules  cannot  yet  be  formulated  for 
the  best  forms  of  the  grooves  of  rolls  ; 
but  it  may  be  accepted  that  they  should 
be  shaped  in  such  a  manner  as  to  utilize 
as  far  as  possible  the  natural  flow 
of  the  metal  in  the  direction  of  the  press- 
ures applied  to  it.  It  has  been  shown 
that,  when  a  bar  has  to  be  drawn  out,  it 
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is  best  to  prevent  any  enlargement  of  it 
laterally,  and  to  facilitate  the  longitudin- 
al flow;  the  die  should  therefore  be 
carefully  gauged,  short,  and  opened  out 
in  the  direction  of  the  length.  It  lias 
been  seen,  also,  that  in  stamping  a  disc, 
it  may  be  useful  to  make  use  of  centripe- 
tal compression.  Each  mode  of  ac 
has  thus  its  own  mode  of  deformation,  of 
which  it  is  necessary  to  know  how  to 
take  advantage.  The  following  is  a  very 
remarkable  instance.  Given  a  disc  of 
lead  4  inches  diameter  ^-mch  thick ;  if  it 
be  pressed  in  the  stamping  machine  for  a 
diameter  of  2^-  inches  at  the  center,  the 
thinning  of  this  central  portion  is  only 
effected  by  the  flow  of  the  material  out- 
wards ;  and  this  flow  is  exactly  symmetri- 
cal, when  the  centering  is  perfect.  The 
exterior  border  is  developed,  in  the  fomi 
of  a  tulip.  By  such  means,  without  the 
employment  of  a  matrix,  geometrical 
forms  of  a  perfectly  definite  character 
may  be  produced,  which  may  be  useful 
in  some  cases. 

This  general  disposition  of  material 
has  been  long  since  observed  by  MM. 
Piabert  and  Morin,  in  the  coiu^se  of  their 
experiments  in  drawing  out  blocks  of 
clay.  Around  the  orifice  of  entry  the 
clay  was  thrown  out  in  the  form  of 
acanthus  leaves;  and  the  same  develop 
ment  is  to  be  observed  in  the  displace- 
ments which  take  place  when  projectiles 
are  discharged  against  armor-plates. 
'The  metal  displaced  by  the  projectile  is 
driven  forward  in  flakes  or  strata  more 
or  less  involved  and  dislocated,  which 
have,  nevertheless,  a  striking  family  like- 
ness to  the  dispositions  previouslv 
noticed.  The  geometrical  condition  of 
the  development  in  tulip-form  of  the 
plate  of  lead  may  be  very  simply  ex- 
plained. The  border  of  the  plate,  which 
makes  an  effort  to  retain  unaltered  its 
diameter  and  its  thickness,  continues  to 
be  attached  to  the  central  portion,  the 
gradual  crushing  of  which  throws  out 
rings  which  are  successively  thinner  and 
thinner.  These  rings  have,  therefore,  at 
at  each  instant  a  given  thickness,  and  by 
their  succession  they  necessarily  form  a 
surface  of  revolution,  which  is  accurately 
calculable,  on  the  hypothesis,  which  im- 
perfectly justifiable,  that  the  volume  i^ 
constant.  The  conditions  of  such  de- 
velopment may  be  modified  by  the 
employment  of  casings  of  various  forms, 
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but  attention  will  be  confined  to  the  case 
of  a  concentric  casing'  so  disposed  as  to 
prevent  any  increase  of  diameter.  Eight 
discs  of  lead  1£  inches  hi  diameter 
having  been  placed  in  a  cylinder,  a 
of  1.20  inches  in  diameter  is 
upon  the  pile  formed  by  these 
Since  the  material  can  only 
from  the  compressive  action  by 
the  annular  space  comprised  between  the 
piston  and  the  cylinder,  it  ultimately 
assumes  the  form  of  a  sort. of  tumbler,  of 
which  the  height  is  extended  to  the 
length  of  the  piston,  even  beyond  the 
length  of  the  cylinder.  The  thickness 
of  the  tumbler,  0.15  inches,  would  have 
been  more  regular  if  but  one  disc  of  lead 
or  of  tin  had  been  employed.  But  the 
mode  of  distribution  of  the  layers  in  the 
thickness  of  the  tumbler  is  in  itself  a 
useful  subject  for  consideration.  The 
uppermost  plate  has  been  developed, 
almost  in  one  piece,  to  the  upper  edge  of 
the  tumbler,  being  connected  by  a  con- 
tinuous supplementary  part,  which  be- 
comes gradually  thinner  until  it  reaches 
the  foot  of  the  tumbler.  The  other 
plates  are  also  developed  in  a  parallel 
direction,  supported  by  the  sides  of  the 
cylinder,  for  a  length  which  may  be  sub- 
mitted to  the  same  kind  of  calculation  as 
that  of  the  plates  of  the  concentric  jets. 
It  is  the  same  mode  of  deformation 
applied,  in  the  present  case,  to  an  annular 
jet;  and  the  complete  analogy  between 
the  formulas  which  give  expression  to 
their  relations  is  not  one  of  the  least 
remarkable  facts  ha  these  transforma- 
tions. 

This  method  has  for  several  years 
been  adopted  "in  industrial  operations, 
rmder  conditions  of  precision  which  are 
truly  astonishing,  in  which  a  vertical  and 
cylindrical  jet,  twelve  inches  high,  is 
manufactured  from  a  sheet  of  tin 
perfectly  smooth  and  of  uniform  thick- 
ness. In  the  finest  specimens  of  that 
size,  the  ends  of  the  tube,  which  are 
pared  after  having  been  struck,  do  not 
show  any  irregularity  exceeding  l-12th 
inch  in  height,  even  though  the  cylindri- 
cal envelope  has  been  suppressed  for  the 
whole  height.  The  substance  driven  out 
in  the  form  of  a  ring,  the  thickness  of 
"which  is  measm'ed  by  the  difference 
between  the  radius  of  the  punch  and 
that  of  the  matrix,  is  naturally  disposed 
to    form    a    thin    cylinder,     the    several 


elements  of  which  slide  with  equal 
facility  upon  the  perfectly  polished  sur- 
face of  the  punch.  A  thousand  examples 
of  similar  surprises  may  be  foiuid  in  in- 
dustrial processes;  but  this  instance, 
amongst  them  all,  definitively  sanctions 
the  expression  by  which  the  author 
believes  he  is  authorized  to  designate 
the  results  of  his  researches.  The  flow 
of  solids  is  now  recognized  in  science; 
much  more  will  be  accepted  by  the 
members,  who  are  witnesses  every  day  of 
the  processes  which  are  based  upon  it,  as 
the  true  expression  of  the  best  ascertain- 
ed facts. 

Planing. — Of  the  various  operations 
which  have  been  described  above,  that  of 
pivnching  is  the  only  one  which  has  had 
for  its  object  the  dividing  of  a  solid 
body,  and  forming  two  entirely  separate 
parts — the  burr  and  the  punched  block. 
The  block  is  augmented  by  compression 
of  a  portion  of  the  matter  which  consti- 
tuted the  cylinder  which  would  have 
been  simply  pushed  out  by  the  punch, 
supposing  that  the  cylinder  could  have 
slipped  out  without  giving  rise  to  other 
phenomena.  The  burr  is  reduced  by  the 
same  amount.  Cutting  or  shearing  does 
not  really  take  place  until  the  moment 
when  the  burr,  hi  consequence  of  lateral 
flow,  has  been  reduced  to  its  final  height. 
It  has  been  proved  that  from  this 
moment  the  resistance  opposed  to  shear- 
ing is  actually  proj)ortional  to  the  area  of 
the  zone  of  shearing.  The  coefficient  of 
resistance  applicable  to  this  separation  is 
no  other  than  the  coefficient  of  resistance 
of  fluidity;  or  what  amounts  to  the  same 
thing,  the  coefficient  of  resistance  to 
rupture ;  so  that  we  are  now  put  in 
possession  of  a  certain  formula,  applic- 
able equally  to  circular  shearing  by  the 
action  of  the  punch,  and  to  rectilinear 
shearing  by  the  shear  blade  or  by  the 
turning  tool.  In  each  case  one  of  the 
parts  of  the  piece  slides  upon  the  other 
part,  producing  at  the  two  sides  in  con- 
tact a  drawing  out  of  the  successive 
layers,  which  are  bent  over  in  the  direc- 
tion of  the  length  of  the  shorn  surface, 
in  thin  threads,  like  those  produced  by 
the  punch.  The  separation  only  really 
takes  place  at  the  moment  when  these 
shreds  are  drawn  to  their  extreme  limit 
of  tenuity. 

This  characteristic  of  the  separated 
surfaces  is  met  with  in  planing,  although 
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the  principal  circumstances  may  here  be 
entirely  different ;  not  less  remarkable, 
however.  The  principal  difference  con- 
sists in  this,  that  the  chief  compression  j 
takes  place,  not  in  the  solid  mass  as 
before,  but  in  the  cutting  which  is  de- 
tached by  the  tool,  which,  as  it  forms  the 
exterior  portion,  opposes  to  the  flow  the  j 
least  resistance.  If  the  cutting  be  com-  j 
pared  with  the  space  which  it  occupied 
in  the  block  before  separation,  it  is  easily 
observed  that  it  is  at  the  same  time ; 
considerably  shortened,  and  that,  con-  J 
sequently,  its  thickness  has  been  aug- 
mented in  the  inverse  ratio  of  the 
shortening.  This  leading  fact  in  planing 
is  very  well  exemplified  in  the  turning 
from  the  wheel-tire  of  a  locomotive, 
comprising  a  cutting  from  the  rivets. 
These  .are  represented  as  of  an  elliptical 
section,  1^  inch  by  T4g-  inch,  showing  that 
the  reduction  in  length  affected  by  the 
action  of  planing  was  in  the  ratio  of  10 
to  28,  or  0.36.  This  coefficient  of 
reduction  is  still  much  greater  than  it  is 
in  many  other  circumstances ;  for  the 
thinnest  cuttings  the  coefficient  is 
occasionally  as  low  as  0.10.  In  another 
instance,  a  cutting  planed  off  transverse- 
ly from  a  double-headed  rail,  the  height 
has  not  been  altered,  but  the  width  has 
been  reduced  nearly  in  the  same  propor- 
tion as  in  the  first  example. 

Another  characteristic  of  cuttings  pro- 
duced by  planing  is,  that  the  surface  of 
the  cutting,  which  rises  from  contact  with 
the  cutting  tool,  is  always  smooth  and  is 
developed  geometrically.  That  surface, 
in  fact,  is  moulded  on  the  tool  during  the 
process  of  deformation,  and  slides  upon 
it  in  such  a  manner  as  to  roll  itself  up  in 
the  form  of  a  cone  or  of  a  cylinder.  At 
this  moment,  above  all  others,  the 
plasticity  of  the  metal  is  brought  into 
play;  and  if  the  original  form  of  the  cut- 
ting should  interpose  too  serious  ob- 
stacles to  this  development,  it  tears  or 
splits  according  to  the  direction  of  the 
generating  surfaces  of  contact,  still 
responding  to  the  geometrical  condition 
first  referred  to.  It  is  well  to  avoid  such 
rents  as  much  as  possible,  for  evidently 
they  cannot  be  produced  without  the 
expenditure  of  additional  power.  Such 
loss  of  power  must  take  place,  especially 
where  it  is  required  to  reduce  a  curved 
surface  at  one  cut,  of  great  breadth.  An 
example    of   such   fissures   is    shown   on 


about  a  third  of  the  width  of  another 
cutting  from  a  tire;  but  those  of  the 
opposite  edge  are  attributable  really  to  a 
greater  reduction  of  the  length  of  the 
thinner  edge  in  the  process  of  planing. 
The  other  face  of  the  cuttings  is  always 
rugged  and  wrinkled  with  fissures,  or 
with  transverse  ridges  of  very  variable 
aspect,  according  as  the  metal  is  more 
ductile  and  the  cutting  is  thicker.  For 
the  greater  thicknesses  both  iron  and  steel 
present  on  that  surface  a  multitude  of 
inclined  ridges  partly  covering  one 
another;  and  of  which  the  incline  is  still 
better  defined  where  complete  separation 
has  been  produced.  These  scales  have 
been  drawn  just  as  they  appear  under 
the  microscope,  on  a  cutting  of  Bessemer 
steel.  Nothing  can  show  better  than 
their  general  inclination  the  sliding  that 
may  be  produced  in  planing,  in  conse- 
quence of  the  compression  which  is  pro- 
duced in  front  of  the  tool  before  the 
cutting  is  completely  detached  from  the 
block.  In  the  greater  number  of  cases 
the  turning,  when  long  enough,  winds  up 
into  a  helicoidal  form,  as  may  be  seen  on 
the  cutting,  of  which  the  rugged  face  has 
just  been  shown.  The  inclination  of  the 
spirals  depends  upon  that  of  the  cutting 
edge  of  the  tool,  and  their  diameter  upon 
the  thickness  of  the  cutting;  the  diame- 
ter diminishing  with  the  percentage  of 
reduction.  It  is  thus  that,  in  turning  in 
the  lathe  a  piece  which  is  very  slightly 
eccentric,  the  result  is  a  number  of  parts 
of  which  the  diameters  are  alternately 
greater  and  less.  The  demonstration 
afforded  by  this  single  specimen  is  quite 
complete.  Without  seeking  to  draw  any 
conclusions  from  the  study  of  these 
deformations  with  respect  to  the  best 
form  of  tools  for  each  of  them,  it  follows 
clearly,  from  the  foregoing  discussion, 
that  the  work  required  for  any  cutting 
action  whatever  is  expended  in  friction 
and  in  deformation  by  compression.  The 
work  of  friction  should  augment  with  the 
number  of  cuts,  and,  as  the  shortening  is 
greater  for  the  finer  cuts  the  molecular 
work  expended  should  be  greater.  It 
follows,  therefore,  that  it  is  most  advan- 
tageous to  make  deep  cuts,  but.  of  course 
this  mode  of  action  demands  more 
powerful  tools  and  better  foundations. 
It  is  in  this  direction,  it  appears,  that 
the  most  recent  progress  in  the  manu- 
facture of  tools  has  been  effected.     The 
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different  modes  of  cutting,  rectilinear  or 
circular,  are  applicable  chiefly  to  flat 
surfaces,  and  to  cylindrical  surfaces. 
Flat  surfaces  are  cnt  in  the  planing 
machine  or  in  the  lathe,  and  under 
most  circumstances  the  two  kinds  of 
cuttings  are  almost  identical  in  appear- 
ance— that  of  a  cylinder  formed  of  spirals 
more  or  less  close,  sometimes  even  in 
juxtaposition;  but  for  this  combination 
it  is  necessary  that  the  two  edges  of  the 
cutting  should  have  been  equally  re- 
duced, that  is,  that  they  should  be  of  the 
same  thickness.  If  it  were  otherwise  the 
spirals  would  become  conical;  and  such 
of  these  as  appear  to  be  most  character- 
istic will  now  be  described.  The  cutting 
obtained  in  mortising  by  means  of  a 
straight  tool  is  absolutely  cylindrical. 
"When  the  tool  cuts  out.  in  this  manner, 
a  rectangular  groove  the  material  is 
compressed  without  any  lateral  deviation. 
If  the  cutting  is  of  great  thickness  it  is 
triangular  and  the  smooth  surface  is 
formed  by  the  combination  of  the  three 
faces  at  which  the  separation  takes  place, 
the  direction  in  which  crampling  takes 
place  being  the  same  as  in  all  ordinary 
cuttings.  The  triangular  form  is  the 
result  of  the  compression  being  greater 
towards  the  middle  line.  To  aid  in  form- 
ing an  opinion  on  this  point,  two  blocks 
were  placed  side  by  side,  which  were 
planed  at  the  same  time  in  the  line  of 
junction  of  the  pieces.  Two  distant 
horns  were  formed,  which  parted  sym- 
metrically from  one  another;  each  half- 
cutting  following  the  law  of  shortening 
by  which  it  was  bound  to  assume  a 
form  concave  towards  the  side  which 
was  held  by  its  attachment  to  the 
block.  Having  made  a  similar  experi- 
ment •  in  lead,  the  parallel  and  equi- 
distant lines  that  were  drawn  upon  the 
block  before  it  was  cut  could  be  traced 
on  the  cutting,  and  they  afforded  the 
means  of  measuring  exactly  the  average 
percentage  of  reduction  and  the  mode  of 
contortion  of  these  transverse  lines, 
which  assumed  successively  the  same 
inclinations  as  they  lay  one  upon  another 
at  intervals  of  which  the  percentage  of 
reduction  varied  from  0.10  to  0.30.  The 
cuttings  from  a  lathe,  when  they  were 
produced  from  the  annular  groove  by 
means  of  a  straight  tool,  assumed  exactly 
the  same  forms.  For  example,  a  cutting 
from   a   groove    in    what   is   called    the 


Swedish  piston,  is  a  continuous  ribbon 
rolled  up  as  on  a  bobbin  with  the  great- 
est regularity  and  of  great  length,  without 
a  rent.  When  turnings  take  the  form  of  a 
helix,  the  small  lateral  displacement  of 
the  piece  is  not  large  enough  to  give  to 
the  ribbon  a  different  character  to  that 
from  a  planing  machine,  when,  for  in- 
stance, it  is  required  to  turn  a  shaft  to  a 
unif  orm  diameter,  and  it  is  then  easy,  with 
good  metal,  to  produce  cuttings  of  great 
length.  But  when  it  is  required  to  turn 
the  end  of  the  shaft  or  of  any  cylinder 
whatever,  the  cutting  follows  a  special 
course.  If  the  tool  be  large  in  propor- 
tion to  the  diameter  of  the  rings  or 
circles  on  which  it  is  acting,  the  cliffei-- 
ence  of  diameter  between  the  two  edges 
of  the  cutting  makes  itself  felt  in  the 
cutting,  which  assumes  the  fonn  of  a 
helicoidal  surface  with  inclined  generat- 
ing lines,  of  which  the  two  directrices 
are  two  helices  of  the  same  j)itch  but  of 
different  diameters.  This  universal  geo- 
metrical character  moreover,  is  manifest- 
ed in  special  ways  according  to  the  width 
of  the  ribbon  and  the  interior  diameter 
of  the  ring.  In  this  way,  three  horns 
may  be  obtained  encased  one  in  the 
other  if  the  cutting  of  the  tool  be  radial. 
Successive  spirals  foul  each  other  when 
the  direction  of  the  cutting  edge  is  a 
little  inclined.  The  inner  helix  is  re- 
placed by  a  straight  edge,  when  the  tool 
cuts  right  to  the  center  of  the  face. 
Notwithstanding  these  differences  of 
detail,  the  same  rules  prevail;  a  greater 
or  lesser  reduction  or  shortening  accord- 
ing to  the  thickness  of  the  cutting;  a 
less  reduction  of  length  at  the  thicker 
edge  of  the  cutting;  a  smooth  surface  of 
separation,  which  always  forms  a  de- 
velopable surface ;  a  rugged  reverse  face 
ridged  as  if  waves  of  metal  had  been 
successively  projected  there  ;  in  fact  all 
the  circumstances  of  a  transverse  flow  of 
material — setting  apart  the  secondary 
circumstances  of  transformation  of  the 
prism  of  metal  from  which  the  cutting  is 
produced  by  augmentation  of  thickness 
and  corresponding  reduction  of  length. 
The  author  endeavored  to  represent,  by 
a  diagram,  the  triangular  cutting  which 
would  be  formed  by  planing  from  the 
edge  of  a  block  of  metal  a  square  prism, 
by  means  of  a  tool  having  two  cutting 
edges,  and  of  which  the  flat  front  is  itself 
placed  symmetrically.     The  effect  of  the 
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diagram,  constructed  on  the  assumption 
of  a  percentage  of  0.30,  is  exactly  repro- 
duced by  the  model  hi  relief.  In  agree- 
ment with  the  foregoing  discussion  and 
with  the  facts,  it  may  be  observed  how 
the  prism  which  is  on  the  point  of  being 
separated  from  the  block  swells  up  by 
compression,  commencing  at  a  certain 
zone  of  fluidity,  of  limited  length,  in 
advance  of  the  tool;  and  how,  when  this 
compression  has  arrived  geometrically  at 
the  maximum  which  could  be  sustained 
by  the  material,  the  cutting  is  detached 
from  the  mass,  to  be  subjected  to  the 
action  or  the  face  of  the  tool,  upon  which 
it  slides,  and  which  forces  it  to  assume 
its  ultimate  form.  Considerable  as  these 
modifications  may  appear,  they  are  abso- 
lutely hi  accordance  with  the  facts.  They 
have  been  produced  by  the  author,  on 
lead  as  well  as  on  the  hard  metals,  under 
conditions  which  were  exactly  propor- 
tional to  those  which  are  represented  by 
the  model.  The  finest  specimens  of  this 
triangular  transformation  of  cuttings 
that  have  come  under  the  author's  obser- 
vation, are  produced  by  a  mortising  tool. 
They  are  not  less  than  -fa  inch  thick,  and 
the  rolling  up  of  the  metal  could  only  be 
effected  with  the  accompaniment  of  deep 
fissures  in  the  lateral  edges.  The  upper 
edge,  on  the  contrary,  is  much  more 
minutely  serrated ;  one  of  the  lateral 
faces  is  plaited  for  its  own  length — 
evidence  of  the  compression  of  the 
material ;  whilst  the  other  face,  with 
its    oblique   fissures,  shows   still   better 


the  sliding  by  means  of  which  the 
compression  takes  effect.  There  is  a  still 
smaller  cutting  which  presents  exactly 
the  same  characteristics. 

It  is  the  author's  opinion,  that  for  the 
construction  of  the  best  machine  tools, 
with  the  most  suitable  thickness  of  cuts, 
the  minute  examination  of  the  cuttings  is 
of  the  greatest  importance;  and  that  by 
the  same  means,  the  surest  evidence  may 
be  derived  with  respect  to  the  qualities 
and  homogeneity  of  the  metal.  Time 
does  not  permit  of  more  than  a  passing 
reference  to  certain  deformations  which 
recall  to  mind,  with  a  surprising  degree 
of  exactness,  the  constitution  of  certain 
rocks  with  their  dislocations.  A  few 
experiments  of  this  kind  were  made  by 
the  author  in  conjunction  with  M.  Dau 
bree,  from  which  the  'latter  gentleman 
quite  recently  derived  an  explanation  of 
a  number  of  geological  phenomena.  The 
results  of  these  inquiries  would,  no 
doubt,  possess  some  interest  for  the 
members,  but  the  author  was  desirous 
chiefly  to  lay  before  them  such  results  of 
his  investigations,  as  followed  in  natural 
sequence  upon  the  substance  of  the  com- 
munication already  made  in  1867.  The 
idea  of  the  flow  of  solids  is,  of  all  the 
modes  of  regarding  their  deformation, 
perhaps  the  one  which  most  truly  in- 
terprets all  the  phenomena  of  molecular 
mechanics  and  of  the  internal  constitu- 
tion of  bodies,  which  underlie  the  various 
industrial  operations. 
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By  Capt.  HENRY  GERNER,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


It  is  the  purpose  of  the  present  paper 
to  give  the  public  an  insight  into  the 
uses  and  abuses  of  protecting  that  valua- 
ble class  of  the  community  known  as  in- 
ventors, and  also  to  promote  the  interests 
of  our  merchants  in  adopting,  recording, 
rising  and  reaping  the  benefits  of  trade- 
marks. I  may  be  permitted  to  speak 
with  some  authority  on  this  subject, 
having  had  an  experience  of  some  thirty- 
five  years  in  acting  as  a  patent  solicitor 
for  myself   and    others.       Nobody    will 


deny  that  the  world  has  received  incalcu- 
lable benefits  from  the  inventors'  fertile 
brain,  and  nobody  will  deny-  the  justice 
of  securing  to  inventors  their  inventions, 
and  giving  them  a  monopoly  for  a  certain 
number  of  years  during  which  to  reap  a 
reward  for  their  ingenuity  and  toil.  How 
to  effect  this  in  a  manner  satisfactory  to 
the  inventor  himself  and  the  public  at 
large  has  been,  for  all  governments,  a 
problem,  and  is  still  so  to-day.  In  most 
of  the  European  countries,  anybody  who 


22 


VAN   NOSTEANDS   ENGINEERING   MAGAZINE. 


declares  himself  to  have  made  an  inven- 
tion, is,  upon  application,  and  by  due  pro- 
cess of  routine  and  practice,  presented 
with  Letters  Patent  "without  any  search 
or  investigation  whatever,  it  being  left  to 
the  courts  to  settle  all  questions  arising 
thereafter  and  therefrom.  Here  in  the 
United  States  it  is  different.  "When  an 
inventor  applies  for  a  patent,  a  kind  of 
search  is  instituted  by  a  corps  of  examin- 
ers who  may  refuse  or  give  a  patent  at 
will.  In  the  majority  of  cases,  a  patent 
is  refused  on  the  most  frivolous  grounds, 
these  becoming  a  source  of  much  vexa- 
tion, expense  and  trouble  both  to  the  in- 
ventor and  his  attorney.  It  is,  however, 
only  a  trouble  which  can  be  easily  over- 
come, like  all  other  troubles  in  "Washing- 
ton, by  aid  of  the  Almighty  Dollar !  Of 
course,  the  officials  are  unapproachable ; 
you  pay  your  money  to  somebody  on  the 
inside  track  and  you  get  what  you  want. 
I  speak  from  experience.  I  can  name,  in 
my  own  practice,  hundreds  of  such  re- 
jected cases  obtained  by  paying  some- 
body in  Washington.  Thus,  as  this  sys- 
tem of  examination  is  no  guarantee  what- 
ever, and  only  leads  to  injury,  injustice 
and  corruption,  it  ought  no  more  to  be 
indulged  in ;  and  it  is  to  be  hoped  that 
Congress,  in  its  wisdom,  will  abolish  this 
reprehensible  system.  It  is,  after  all,  the 
courts  whq  will  have  to  pass  upon  the 
validity  of  an  inventor's  claim :  the  Patent 
Office  can  neither  give  him  anything  that 
he  has  no  right  to,  nor  take  away  any- 
thing that  he  has  a  right  to.  The  whole 
question  of  all  this  brain-property,  called 
patents,  lies  in  the  question  of  thepriority 
of  an  invention,  and  all  that  an  inventor 
in  reality  has  got,  is  the  unimpeachable 
proof  that  he  was  the  first  to  invent  what 
he  claims  as  his  invention.  A  United 
States  patent,  granted  to  any  inventor 
either  by  foul  or  fair  means,  is  no  proof 
whatever  that  he  owns  what  he  claims, 
and  the  patent  given  is  not  worth  the 
paper  it  is  printed  on  when  anybody  else 
claims  and  proves  that  he  made  the  in- 
vention prior-  to  the  alleged  patentee. 

Inventors  in  particular,  and  the  pub- 
he  in  general,  seem  to  be  entirely  igno- 
rant of  this  fact.  The  prevailing  belief 
seems  to  be  that  a  patent  granted  an  in- 
ventor is  absolute  proof  that  he  has  a 
lawful  right  to  all  the  privileges  and 
benefits  the  patent  purports  to  give,  and 
it  seems  to  be  entirely  overlooked  that 


the  grant  he  obtained  is  only  a  conditional 
one.  The  U.  S.  Patent  Laws,  Revised 
Statutes,  of  1870,  Section  4886,  wisely 
give  an  inventor  two  years'  time  to  put 
his  invention  into  public  use  or  on  sale 
before  he  is  obliged  to  make  application 
for  a  patent,  or  can  forfeit  his  right  to  a 
patent.  All  that  is  required  is  that  he 
can  produce  absolute  proof  that  he  was 
the  first  to  invent  what  he  claims  as  his. 
and  every  inventor  should,  therefore,  as 
a  matter  of  necessity,  have  his  invention 
fully  and  intelligently  described  and 
illustrated  by  drawings  in  the  same  way 
as  is  customary  in  patent  practice,  and 
such  priority  of  invention  documents 
should  be  signed  and  sworn  to  before  a 
notary  public,  both  by  the  inventor  him- 
self and  by  witnesses  who  know  that  he 
conceived  and  perfected  the  invention  on 
certain  fixed  dates.  This  is  a  legitimate 
business  for  patent  attorneys,  and  they 
should  advise  inventors  asking  their  aid 
accordingly,  but  this  not  seeming  to  be 
profitable  enough,  inventors  are  advised 
to  secure  a  patent  in  hot  haste.  On  this 
latter  advice,  extensive  patent  mills,  both 
in  New  York  and  Washington,  flourish. 
The  poor  misguided  inventor  is  made  to 
believe  and  understand  that  a  patent, 
once  allowed,  will  end  all  his  troubles 
and  ojDen  the  gates  to  a  Golconda  for 
him.  Thus  we  have  to  endure  the  sorry 
sight  of  seeing  an  army  of  20,000,  mostly 
abjectly  poor,  inventors  yearly  rush  in 
and  ask  for  patents  for  alleged  inventions 
of  which  barely  one  in  a  hundred  are 
honored  by  the  duplication  in  any  shape 
of  the  model  left  in  the  Patent  Office. 
Only  allowing  $100,  in  the  average,  as 
spent  by  every  inventor  on  these  20,000 
alleged  inventions,  and  the  patents  al- 
lowed thereon,  it  foots  up  to  the  round 
sum  of  $2,000,000  yearly,  wrung  from 
the  poor  and  misguided  inventors.  If, 
instead  of  parting  with  their  own  or 
mostly  borrowed  money,  they  had,  at  a 
comparatively  trifling  expense — which 
might  later  on  be  applied  to  the  patent 
apj)lication  if  advisable — taken  pains  to 
properly  cover  up  their  priority  of  in- 
vention and  then  tried  to  put  then-  in- 
vention into  "public  use  or  on  sale,"  as 
the  patent  laws  provide,  to  ascertain  if 
their  invention  was  marketable,  and 
worthy  of  the  expense  of  a  patent,  I  be- 
lieve that  everybody  who  knows  anything 
about   the    philosophy   of    patents,    will 
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agree  with  me  that  instead  of  12,000 
patents  being1  issued  yearly,  not  1,200 
would  get  so  far  as  to  be  worthy  of  such 
a  distinction.  Patents  numbered  among 
these  1200,  gone  through  a  fire  of  an 
actual  trial  of  merit  and  actual  ownership 
of  invention,  would  be  patents  not  only 
in  name,  as  they  are  now,  but  patents  in 
fact,  and  would  any  day  find  a  regular 
market  and  be  sought  as  the  best  invest- 
ment of  all  by  capitalists.  We  would  no 
more  see  the  repeated  and  pitiful  sight 
under  the  New  York  Herald's  "Business 
Opportunities,"  in  offers  to  invest  capital, 
of:  "No  patent  right  humbug  will  be 
noticed." 

Already  I  fancy  hearing  the  protest  of 
the  Patent  Office  and  the  patent  mills : 
of  the  former,  because,  on  the  basis  of 
judgment  that  I  have  sought  to  establish, 
enjoyable  sinecures  and  clerkships  will 
necessarily  be  dissolved ;  of  the  latter  be- 
cause a  source  of  revenue  to  them,  for 
which  no  absolutely  beneficial  return  is 
given,  will  cease.  Let  them  *  protest ; 
first  comes  right,  public  benefit,  national 
enjoyment;  then  sinecures  and  monopo- 
lies may  follow ;  I  hold  that  what  I  have 
said  is  true,  and  I  hope  to  live  to  see  it 
have  become  a  living  fact ;  it  will  follow, 
as  a  consequence,  that  the  bulk  of  $398,- 
024.54  now  annually  expended  for  sala- 
ries, according  to  the  last  annual  report 
of  the  Commissioner  of  Patents,  will  flow 
into  the  public  treasury.  To  be  sure,  it 
woidd  reduce  the  number  of  officials  in 
the  magnificent  Patent  Office  to  a  mere 
corporal's  guard,  but  then  this  reduced 
force  would  do  useful  work,  by  which 
they  woidd  benefit  the  sovereign  people 
instead  of,  as  now,  being  a  constant 
source  of  irritation,  injustice,  injury  and 
trouble  in  pretending  to  do  a  great  deal 
of  work  benefiting  nobody  but  themselves, 
and  that  in  so  far  as  the  just  quoted  salary 
goes.  I  hope,  for  the  public's  own  good, 
that  all  these  ignorant  and  pretentious 
officials  may  be  made  to  do  more  useful 
work  in  the  future  than  in  the  past,  and 
learn  to  behave  themselves.  I  will  here 
not  go  into  the  details  of  my  own  griev- 
ances. I  have  them  in  common  with 
most  every  inventor  and  patent  solicitor. 
I  do  not,  however,  propose  to  try  the 
suit  I  have  instituted  against  the  mana- 
ging officials  of  the  Patent  Office  in  the 
newspapers.  If,  however,  the  said  offi- 
cials  should  provoke  an  explanation  be- 


forehand, I  shall  be  glad  to  enter  into 
the  arena.  At  least  a  thousand  old 
clients  and  others  of  my  friends,  in  the 
community  wherein  I  have  spent  so  many 
years  of  my  life,  will  know  that  what  I 
say  has  its  force.  I  wish  for  nothing 
better  than  that  the  whole  truth  might 
be  made  known. 

Our  patent  laws,  and  more  particularly 
their  proper  execution,  need  a  thorough 
overhauling.  The  integrity  of  the  pres- 
ent system  was  ventilated  in  Congress 
last  winter,  and  it  is  sincerely  to  be 
hoped  that  Congress,  during  the  coming 
winter,  will  pass  new  measures  which 
will  prove  beneficial  alike  to  the  inventor, 
his  attorney,  and  the  public  at  large: 
the  attorneys  especially,  among  whom 
are  many  good  and  deserving  men,  at  the 
mercy  of  unscrupulous  and  revengeful 
Patent-office  officials.  There  are  several 
bills  now  pending  before  Congress  aim- 
ing in  this  direction  ;  among  them  is  that 
of  Mr.  Phelps,  "To  provide  for  the  pro- 
tection of  attorneys  doing  business  be- 
fore the  Patent  Office  and  other  bureaus 
and  departments  of  the  Government," 
presented  in  the  House  on  May  6  last, 
read  twice,  referred  to  the  Committee  on 
Reform  in  the  Civil  Service,  and  ordered 
to  be  printed.  The  penalty  it  provides 
for  assailing  the  standing  and  character 
of  an  attorney,  or  attempting  his  disbar- 
ment, &c,  &c.,  without  due  process  of 
law,  is  imprisonment  at  hard  labor  and 
heavy  fine. 

It  should  be  evident  to  every  thinking 
man  that  "an  inventor's  right  to  reward 
and  protection  exists  solely  by  virtue  of 
the  inven tor's  act  of  creation."  The  es- 
tablishment, by  legal  means,  of  this  act 
of  creation,  should  be  the  basis  for  a  valid 
patent.  If  an  inventor  can  establish  that 
he  has  priority  of  invention,  then,  and 
only  then,  a  patent  should  be  granted  to 
him.  I  woidd  leave  it  entirely  to  the 
courts  to  settle  all  other  questions,  and 
only  require  of  the  Patent  Office  that  it 
should  be  an  office  of  record  of  the  in- 
ventor's Priority-of-Invention-docuinents. 
and  the  proper  executor  of  patents  to 
such  inventors  as  would  claim  them.  I 
would  have  Priority-of-Invention-  docu- 
ments in  proper  form  filed  for  a  registry 
fee,  say,  of  $5,  at  the  Patent  Office:  and 
the  first  registrar  of  substantially  the 
same  invention  should  be  entitled  to  a 
patent  after  two  years  had  elapsed,  not 
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before  and  not  later.  I  would  require 
such  Prioritj-of-Invention-dociunents  to 
be  executed  in  duplicate,  and  one  of  them 
returned  to  the  applicant  with  a  certifica- 
tion of  the  office  thereon  that  he  was  the 
first  to  register  specification  and  drawing. 
All  later  apjnicants  should  be  denied  this 
certification  of  being  the  "first  and 
original ";  and  it  should  actually  be  certi- 
fied to  that  somebody  has  received  certi- 
fication of  being  the  first  inventor,  much 
the  same  as  foregoing  patents  are  quoted 
now  in  rejected  cases  by  the  preliminary 
examiner.  Such  certified  documents  of 
the  first  registrar  should  serve  as  a 
"provisional  protection,"  after  the  style 
of  the  British  provision,  and  should  as 
such  receive  proper  recognition  and  pro- 
tection from  the  courts.  It  should  be 
salable  and  transferable,  being  the  in- 
ventor's absolute  property.  This  will 
enable  the  poor  struggling  inventor  to 
find  out  if  his  invention  will  ever  be 
worthy  of  a  patent;  if  so,  he  should 
have  absolute  right  to  a  patent  at  the  ex- 
piration of  two  years,  but,  neither  prior 
to  nor  later  than  that  expiration.  Such 
a  patent  would  be  one  of  intrinsic  value 
and  ought  to  be  paid  well  for  and  taxed 
well.  The  fee  for  issuing  such  a  patent 
which  woidd  mostly  get  into  the  hands 
of  the  capitalists,  ought  to  be  $100.  I 
would  give  the  patent  a  life-time  of 
twenty  years,  under  no  circumstances  to 
be  extended ;  and  every  year  a  tax  of  $50 
should  be  required  to  be  paid  into  the 
United  States  Treasury  by  the  patentee 
or  his  assignees,  under  penalty  of  annul- 
ment of  the  patent. 

If  this  patent  system  should  be  adopt- 
ed, United  States  patents  would  rank 
with  United  States  securities,  as  the  best 
and  the  safest  in  the  world.  It  would 
give  a  large  revenue  to  the  Government, 
without  any  complicated  and  unsatisfac- 
tory work;  the  public  would  cease  to 
consider  patents  a  humbug,  and  the  de- 
serving inventor  would  receive  a  place  in 
society  as  a  worthy  and  honored  member, 
instead  of  being  regarded,  as  he  is  now, 
in  the  light  of  a  bore,  a  lunatic  and  a 
fraud. 

I  recommend  and  court  a  thorough 
investigation  and  discussion,  by  compe- 
tent gentlemen,  of  this  my  proposed 
plan,  and  shall  be  glad,  in  the  best  inter- 
est of  all  concerned,  to  give  all  the  time 
I  can  spare,  and  all  the  intelligence  I  can 


command,  to  so  highly  important  a  sub- 
ject of  so  paramount  an  interest  to  the 
welfare  and  steady  progress  of  this  im- 
mense and  fruitful  part  of  the  'world 
in  which  we  have  the  good  fortune  to  be 
the  pioneers.  I  believe  nothing  would 
prove  more  beneficial  to  the  United 
States  than  a  good  patent  system;  and 
its  simple  and  incorruptible  (!)  execution. 
It  would  stimulate  invention  to  an  extra- 
ordinary degree,  but  only  the  wheat 
would  grow  and  the  chaff  perish. 

Having  thus  given  my  views  on  pat- 
ents proper,  we  now  come  to  a  subject  of 
great  interest  to  the  trading  community. 
This  is  the  subject  of  trade-marks,  often 
misnamed  patent  trade  marks,  or  trade 
mark  patents.  It  has  been  well  that  "the 
increasing  attention  now  devoted  both  in 
this  country  and  in  Europe,  to  the  value 
of  property  in  trade  marks,  and  the  very 
stringent  laws  that  have  been  enacted 
both  here  and  abroad,  as  well  as  the 
recent  agreement  between  Great  Britain 
and  this  country  on  the  subject  of  trade 
marks,  are  among  the  most  significant 
facts  of  the  times;  and  open  to  honest 
and  reputable  manufacturers  a  means  of 
establishing  a  valuable  property  right  as 
the  result  of  their  labor,  skill  and 
patience,  which  is  as  tangible  as  houses, 
lands,  or  merchandise  itself.  It  is  a  sort 
of  crystallization  of  good  will  that  may 
be  transmitted  from  generation  to  gener- 
ation. 

The  constitution  of  a  lawful  trade 
mark  has  been  defined  by  the  United 
States  Supreme  Court,  in  Del.  &  H. 
Canal  Co.,  vs.  Clark,  as  follows: 

"A  trade  mark  must  be  distinctive  in 
its  original  signification,  pointing  to  the 
origin  of  the  article;  or  it  must  have 
become  such  by  association;  and  these 
are  two  rules  which  are  not  to  be  over- 
looked. No  one  can  claim  protection  for 
the  exclusive  use  of  a  trade  mark  or 
trade  name  which  would  practically  give 
him  a  monopoly  in  the  sale  of  any  goods 
other  than  those  produced  or  made  by 
himself.  If  he  could,  the  public  would 
be  injured  rather  than  protected,  for 
competition  would  be  destroyed.  Nor 
can  a  generic  name,  or  a  name  merely 
descriptive  of  an  article  of  trade,  of  its 
qualities,  ingredients  or  characteristics 
be  employed  as  a  legal  trade  mark,  and 
the  exclusive  useof  it  be  entitled  to  legal 
protection." 
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It  should  be  known  furthermore, — it  is 
curious  to  note  how  few  are  aware  of  the 
fact, — that  it  is  not  obligatory  to  record 
trade  mar/cs  in  the  Patent  Office.  This 
is  confirmed  hi  the  decision  of  the 
Supreme  Court  of  the  District  of  Colum- 
bia in  J.  Rodgers  and  Sons,  vs.  Philp 
and  Solomons,  hi  these  precise  words : 

"The  provisions  of  the  act  of  Congress 
of  July  8th,  1870,  as  far  as  it  relates  to 
the  suliject  of  trade  marks,  presents  no 
obstacle  to  the  rights  of  these  complain- 
ants to  maintain  a  suit  to  prevent  an 
infringement  of  their  rights  by  an  imita- 
tion of  their  trade  mark,  notwithstanding 
they  have  ommitted  to  have  their  trade 
mark  recorded  at  the  Patent  Office.  The 
act  is  not  obligatory  on  them  in  this 
respect.  It  offers  to  manufacturers  an 
opportunity  to  have  their  trade  marks 
recorded,  but  imposes  no  penalty  or 
forfeiture  of  right  for  neglect  to  so 
record  them.  Trade  marks  are  the 
property  of  their  owners  independently 
of  statute,  and  are  not  the  subject  of  a 
piatent."    . 

Therefore,  save  your  money;  save  the 
exorbitant  Patent  Office  registry  fee  for 
trade  marks.  The  question  of  para- 
mount interest  to  a  manufacturer  is : 
whether  or  not  he  is  in  possession  of, 
and  is  using,  a  lawful  trade  mark.  If 
not  lawful,  no  Court  can  sustain  it,  no 
matter  whether  recorded  in  the  Patent 
Office  or  not.  There  are  a  great  number 
of  unlawful  trade  marks  recorded  in  the 
Patent  Office  on  which  the  applicant  has 
wasted  his  money,  has  got  nothing,  and 
fancies  himself  secured.  The  several 
Commissioners  of  Patents  have  repeated- 
ly acknowledged  this  and  promised  re- 
form. Such  promises  are  idle,  as  nobody 
is  in  want  of  their  fulfillment.  Nobody 
has  any  need  of  expending  $25  fee  now, 
since  no  benefit  is  derived  from  so  doing. 
The  word  "  registered"  is  believed  to  be  a 
proof  of  the  legality  and  ownership  of  a 
trade  mark ;  nothing  can  be  more  errone- 
ous. For  your  $25  to  the  Government 
you  simply  obtain  a  certificate  that  your 
own  statements  about  a  certain  trade 
mark  has  been  filed  in  the  Patent  Office. 

It  does  not  guarantee  you  the  abso- 
lute right  to  use  the  same,  nor  have  you 
any  remedy  whatever  if  the  registered 
trade  mark  is  not  a  trade  mark  hi  the 
sense  of  the  law.  A  great  number  of 
such  I  shall  be  most  happy  to  show  con- 


clusively to  their  owners  are  not  trade 
marks  at  all.  The  patent  officials  some- 
times refuse  to  register  a  trade  mark 
after  you  have  paid  your  $25,  alleging 
that  it  is  not  a  subject  for  a  legal  trade 
mark.  I  had  many  such  experiences  in 
my  long  practice,  and  almost  invariably 
found  that  the  almighty  dollar  would 
make  them  legal  and  registrable  in  the 
Patent  Office.  I  do  not  say,  nor  wish  to 
be  so  understood,  that  I  paid  such  money 
to  the  officials;  I  paid  it  to  men  who 
could  get  what  my  clients  desired,  and  as 
it  did  them  no  harm,  nor  any  good  either, 
for  that  matter,  but  simply  satisfied  a 
peculiar  whim  of  theirs  and  seemed  to 
make  them  contented  and  happy,  I  had 
no  objection,  and  shall  have  none  in  the 
future,  to  let  such  pay  for  the  pleasure 
of  having  their  trade  marks  registered  in 
the  Patent  Office;  but  my  advice  always 
is,  was  and  will  be,  not  to  lose  money 
and  patience  in  the  attempt  to  have 
trade  marks  registered  in  the  Patent 
Office.  It  is  like  climbing  a  tree  after  an 
apple  when  just  as  good  a  one  has 
droppped  from  it  and  lies  before  you. 

Any  merchant  or  trader  desiring  to 
adopt  or  use  a  trade  mark  as  the  means  of 
identification  of  his  goods  by  the  trade 
and  the  public,  should,  in  the  first  place, 
seek  information  through  proper  and  re- 
liable sources,  of  the  legality  of  his  trade 
mark.  This  satisfactorily  ascertained, 
certain  legal  declarations,  properly  veri- 
fied and  recorded,  axe  prima  facia  evi 
dence  of  ownership,  which  the  courts  in 
case  of  litigation  for  infringement  will, 
and  do,  recognize  as  such. 


A  great  deal  of  irrigation  is  effected  in 
Illinois  with  well  water.  In  Iroquois 
County,  eighty-five  miles  south  of  Chica- 
go, 53,500,000  gals,  of  water  from  artesian 
wells  are  daily,  it  is  said,  supplied  for  ir- 
rigating land.  No  well  is  oyer  75  ft,  deep. 
There  are  200  wells  within  a  radius  of 
twenty  miles,  all  of  small  bore.  The 
prairie  is  90  ft.  above  Lake  Michigan,  and 
there  is  no  high  land  for  200  miles  which 
can  furnish  a  fountain  head  to  these  wells. 
A  correspondent  of  the  Baltimore  Sun 
says  that  engineers  are  confident  that 
the  subterranean  river  flowing  under  San 
Francisco,  leading  direct  from  the  ex- 
haustless  lakes  of  the  Sierra  Nevada,  is 
quite  adequate  to  supply  several  cities  of 
its  size. 
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MENTAL  LOGARITHMS. 

By  EDW.  DAVID  HEARN,  M.A.,  Columbia  College. 
From  "The  Scientific  and  Literary  Review." 


1st  his  introduction  to  the  ''Complete 
and  Immaculate  Tables  of  Logarithms," 
published  about  half  a  century  ago,  Sir 
Richard  Phillips  remarked  that  "Loga- 
rithms are  the  most  useful  discovery  ever 
made  in  the  principles  of  arithmetic  and 
calculation,  and  are  so  essential  to  opera- 
tions in  mathematics  that  in  all  education 
the  facile  use  of  logarithmic  tables  should 
invariably  follow  the  study  of  decimal 
fractions."  Since  that  time  the  teaching 
of  logarithms  has  become  so  general  that 
there  is  now  scarcely  a  schoolboy  to  be 
found  who  is  unable  to  employ  logarith- 
mic calculations  to  abbreviate  otherwise 
tedious  processes.  To  take  a  very  simple 
example,  let  it  be  required  to  extract  the 
cube  root  of  45.499593;  and  we  have 
merely  to  take  either  the  immaculate  or 
any  other  reliable  table,  and  turning  to 
the  natural  number  45.5,  which  is  quite 
near  enough  for  all  ordinary  purposes, 
take  out  the  logarithm,  which  is  658011, 
supply  the  characteristic  which,  as  the 
integral  part  of  the  number,  has  two 
digits  will  be  1,  and  divide  by  3 ;  thus : — 


3) 


1.658011 
.552670 


This  quotient  is  the  logarithm  of  the 
root  ought,  and  again  turning  to  the 
tables  we  find  that  552668  is  the  loga- 
rithm of  357,  and  the  characteristic  being 
0  we  must  write  the  natural  number 
3.57;  therefore  3.57  is  the  cube  root  of 
45.499593.  Let  those  who  doubt  the 
simplicity  and  utility  of  logarithms 
attempt  to  extract  the  required  root  of 
the  given  number  by  the  best  known 
arithmetical  process  of  evolution,  and 
they  will  find  not  only  that  it  is  compli- 
cated and  dificult  to  remember,  but  that 
the  actual  working  will  take  ten  times  as 
long  as  is  required  to  obtain  the  result 
by  logarithms.  To  ascertain  of  what 
number  some  other  number  is  the  fifth, 
the  seventh,  or  other  high  power  is 
often  altogether  impracticable  to  the 
ordinary  arithmetician  without  the  use 
of  logarithms;  but  the  example  given 
will  suffice  for  the  general  reader. 

Now,  it  must  be  understood   that  all 


logarithmic  calculation  is  approximate 
only,  and  that  it  is  a  very  good  set  of 
tables  that  gives  the  logarithms  of 
natural  numbers,  as  far  as  100,000  (that  I 
am  using  extends  to  a  10,000  only),  but 
the  results  obtained  are  very  close  to  the 
truth.  The  larger  the  natural  number 
for  which  we  can  find  the  logarithm,  the 
greater  will  be  the  certainty  of  accuracy 
in  the  results  obtained.  What  then  shall 
we  say  of  a  process  which  enables  us  to 
write  without  the  use  of  tables  the  loga- 
rithm of  such  a  number  as  987.654321, 
and  conversely  to  determine,  also  with- 
out the  use  of  tables,  that  a  given  loga- 
rithm exactly  represents  the-  natural 
number — 

.993020965034979006999? 

The  processes  by  which  this  can  be  done 
were  explained  many  years  ago  by  Mr. 
Oliver  Byrne,  but  probably  from  his 
having  employed  a  new  system  of  nota- 
tion, their  application  has  been  extremely 
limited,  and  to  a  large  number  of  young* 
students  especially,  the  entire  subject  of 
his  treatises  has  been  altogether  unintel- 
ligible This  endeavor  will  here  be  made 
to  popularize  the  system  by  retaining  as 
far  as  possible  the  ordinary  Arabic  nota- 
tion. 

Some  brief  references  to  a  few  of 
Byrne's  introductory  remarks  will  add  to 
the  interest  of  the  present  study,  and  a 
few  words  on  the  manipulation  and  re- 
duction of  decimals  will  facilitate  the  ac- 
curate comprehension  of  the  subject. 
Mixed  decimal  fractions  are  calculated 
precisely  as  whole  numbers,  all  the  care 
required  being  as  to  the  placing-  of  the 
decimal  point.  In  addition  and  subtrac- 
tion the  decimal  points  must  be  ranged 
under  each  other.  In  multiplication  we 
must  in  the  product  point  off  as  many 
places  from  the  right  hand  as  there  are 
decimal  places  in  the  multiplicand  and 
multiplier  combined.  And  in  division  we 
put  the  decimal  point  in  the  quotient  as 
soon  as  the  integral  portion  of  the  divi- 
dend ceases  to  be  divisible  by  the  in- 
tegral portion  of  the  divisor.  Any  deci- 
mal fraction  can  be  reduced  to  a  mixed 
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quantity  by  using  the  same  multipliers  as 
would  be  employed  in  the  usual  process 
of  reduction,  observing  the  rule  of  deci- 
mal multiplication;  and  any  mixed -quan- 
tity can  be  expressed  in  decimals  by  di- 
viding step  by  step  as  in  the  reduction 
process.  Thus  to  show  and  prove  that 
£3.81875  =  &3  16s.  4£d.,  we  have  merely 
to  employ  the  following  processes : 


a.-    3.81875 
20 

16.37500 

_  13_ 
4.500 

_4_ 

2.0 


B.—    4  ;2 


12 


20 


4.5 


16.375 

.81875 


Therefore 
16s.  4id.  =  .  81875 

In  the  first  working  the  figure  preced- 
ing the  decimal  points  represents  pounds, 
shillings,  pence,  and  farthings  respective- 
ly. In  the  second  working  we  first  write 
the  farthings,  and  divide  by  4,  because 
there  are  4  farthing  in  a  penny ;  then  pre- 
fix the  4  pence  and  divide  by  12;  and, 
lastly,  prefix  the  16  shillings  and  .divide 
by  20:  the  resulting  quotient  is  the  deci- 
mal fraction  sought.  But  decimal  mixed 
quantities  did  not  always  possess  the  ad- 
vantage of  the  simple  notation  now  used ; 
so  that  we  may  hope  that  something  may 
hereafter  be  done  to  simplify  Byrne's  no- 
tation. The  first  notice  of  decimals  ap- 
pears to  be  that  found  in  a  tract  at  the 
end  of  Stevinus'  Arithmetique  in  the  col- 
lection of  his  works  by  his  friend  and 
pupil,  Albert  Girard ;  the  tract  is  entitled 
La  Disme.  This  collection  was  first 
published  in  Flemish,  about  the  year 
1590.  At  this  early  date  decimals  in  the 
first  palce  are  termed  primes  and  marked 
(1) ;  those  in  the  second  jDlace  are  marked 
(2),  and  called  seconds,  and  so  on ;  whilst 
all  integers  are  characterized  by  the  sign 
(0),  which  is  put  after  or  above  the  last 
digit;  so  that  taking  an  example  in  addi- 
tion it  would  stand  thus: 


a.d.  1590. 

a.d.  1878. 

(o)(i)(2)(3)(4) 

3  4  6  12 

3.4612 

2  14  7  7  2 

21.4772 

13  0  0  6 

1.3006 

2  4  0  0  4  9 

24.0049 

5  0  113  9  50.1139 

(o)(i)(2)(3)(4) 

At  the  present  time  most  civilized 
nations  not  only  recognize  the  importance 
and  simplicity   of  decimals,   but  employ 


the  metric  system;  but  the  English  and 
Americans  are  not  yet  sufficiently  en- 
lightened to  follow  the  example,  although 
it  may  be  hoped  that  hereafter  they  may 
become  more  wise.  But  all  people  are 
naturally  averse  to  change,  and  hence  it 
is  that  Arabic  figures  and  notation  were 
not  introduced  into  Europe  until  about 
900  years  ago,  and  were  but  little  used 
until  after  A.D.  1600.  Leonardo  Bonacei, 
a  merchant  of  Pisa,  introduced  the  Ara- 
bian system  of  digital  arithmetic  into 
Italy,  and  wrote  the  first  treatise  pub- 
lished in  Europe  about  A.D.  1228. 

In  his  Philosophy  of  Mathematics, 
Auguste  Comte  remarks  upon  the  diffi- 
culty experienced  in  putting  mathemati- 
cal questions  into  equations,  and  says 
that  "it  is  essentially  because  of  the 
insufficiency  of  the  very  small  number  of 
analytical  elements  which  we  possess  that 
the  relation  of  the  concrete  to  the  abstract 
is  usually  so  difficult  to  establish.  Let 
us  endeavor  now  to  appreciate  in  a 
philosophical  manner  the  general  process 
by  which  the  human  mind  has  succeeded 
in  so  great  a  number  of  important  cases 
in  overcoming  this  fundamental  obstacle." 
He  first  considers  the  creation  of  new 
functions,  and  observes  that  "in  looking 
at  this  important  question  from  the  most 
general  point  of  view,  we  are  led  at  once 
to  the  conception  of  one  means  of  facili- 
tating the  establishment  of  the  equations 
of  phenomena.  Since  the  principal  obsta- 
cle in  this  matter  comes  from  the  too 
small  number  of  our  analytical  elements, 
the  whole  question  would  seem  to  be 
reduced  to  creating  new  ones.  But  this 
means,  though  natural,  is  really  illusory ; 
and  though  it  might  be  useful  it  is  cer- 
tainly insufficient.  In  fact,  the  creation 
of  an  elementary  abstract  function  which 
shall  be  veritably  new,  presents  in  itself 
the  greatest  difficulties.  There  is  even 
something  contradictory  in  such  an  idea ; 
for  a  new  analytical  element  would  evi- 
dently not  fullfil  its  essential  and  appro- 
priate conditions  if  we  could  not  imme- 
diately determine  its  value.  Now.  on  the 
other  hand,  how  are  we  to  determine  the 
value  of  a  new  function  which  is  truly 
simple,  that  is,  which  is  not  formed  by  a 
combination  of  those  already  known ! 
That  appears  almost  impossible.  The 
introduction  into  analysis  of  another 
elementary  abstract  function,  or  rather 
another   couple   of   functions,    for    each 
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would  be  accompanied  by  its  inverse, 
supposes  then  of  necessity  the  simultane- 
ous creation  of  a  new  arithmetical  opera- 
tion, which  is  certainly  very  difficult." 

Let  us  see  how  far  Oliver  Byrne's 
system  meets  the  requirements  referred 
to  by  Cornte,  and  how  far  it  can  be  applied 
for  the  development  of  mental  logarithms. 
Decimal  arithmetic,  as  now  taught  in ; 
■schools,  has  been  less  than  150  years  in 
use,  so  that  the  introduction  of  mental  [ 
logarithms  can  scarcely  be  objected  to  ; 
on  the  ground  that  arithmetical  knowl- 
edge  has  already  reached  perfection.  Mr.  | 
Byrne  explained  that  because  the  system  i 
of  arithmetic  invented  by  him  requires 
numbers  to  be  viewed  under  two  aspects, 
and  to  distinguish  it  from  other  systems 
of  operating  upon  numbers,  he  has 
called  it  dual  arithmetic.  By  this  new 
art,  a  number  representing  any  given 
magnitude,  or  the  function  of  any  given 
magnitude,  may  be  made  to  assume  a 
form  composed  of  factors  of  whole  num- 
bers having  a  known  relation  to  one 
another ;  and  these  derived  whole  num- 
bers may  be  readily  made  to  assume  a 
variety  of  forms,  each  form  always  reduci- 
ble to  the  given  number  or  magnitude, 
and  hence  the  derived  numbers,  by  a 
peculiar  arrangement,  may  be  developed 
to  suit  different  operations ;  and  the 
factors  produced,  after  such  operations 
are  performed,  are  easily  converted  into 
natural  numbers,  expressing  the  required 
results.  An  acquaintance  with  the  opera- 
tions of  common  arithmetic  is  all  that  is 
required  to  permit  of  the  acquisition  of  a 
sufficient  knowlege  of  dual  arithmetic  for 
the  ready  solution  of  almost  innumerable 
intricate  and  difficult  problems,  and  in  its 
more  complete  development  it  enables 
the  reasoning  of  the  differential  and 
other  methods  of  analysis  to  be  dispensed 
with.  But,  as  it  is  not  here  proposed  to 
treat  of  the  whole  subject  of  dual  arith- 
metic (which  cannot  be  better  studied 
than  by  consulting  Mr.  Byrne's  own  expla- 
nations), but  merely  to  show  one  particu- 
lar application  of  it,  the  theory  of  the  art 
will  only  be  referred  to  so  far  as  is  neces- 
sary to  permit  of  the  process  being  used. 
All  that  will  be  necessary  will  be  to  show 
how  the  dual  logarithm  of  a  natural  num- 
ber can  be  found,  and  then  how  to  dis- 
cover what  natural  number  any  given 
dual  logarithm  represents ;  for  in  the 
solution  of  any  given  problem  the  dual 


logarithms  (which,  as  they  can  readily  be 
discovered  without  reference  to  tables, 
we  call  mental  logarithms)  are  manipu- 
lated in  precisely  the  same  way  as  the 
common  logarithms  given  in  the  usual 
tables. 

"We  are  accustomed  to  represent  that 
imaginary  quantity,  which  is  greater  than 
any  that  can  be  named  by  +  cc  ("plus 
infinity "),  and  that  other  imaginary 
quantity  which  is  less  than  any  that  can 
be  named  by — oc  (minus  infinity).  The 
signs  will  be  here  used  with  the  same 
signification.  The  bases  of  dual  arith- 
metic are : — 


escending  Branch. 

—  so 

Ascending  Bra  nek 

-999999 

1000001 

-999 
-99 

-9 

(1-1=)        0 
.9 
.99 

1001 
101 

11 

2    (=1+1) 
1.1 
1.01 

.9999 

1.0001 

.99999999 

1.00000001 

1     =     1 

It  will  be  observed  that  in  the  case  of 
quantities  belonging  to  the  descending 
branch  the  power  is  smaller  than  its  root ; 
for  example,  the  £>owerof  0.9  is  only  0.81. 
In  the  ascending  branch  the  power  is 
greater  than  the  root.  In  the  descend- 
ing branch,  the  bases  are  greater  and 
greater  as  they  approach  1,  but  cannot  be 
greater  than  1 ;  whilst  in  the  ascending 
branch  the  bases  are  less  and  less  as  they 
approach  1,  but  cannot  be  less  than  1. 
Numbers  in  the  dual  system  of  arithmetic 
are  expressed  by  the  continued  product 
of  the  powers  of  one  or  more  of  the 
bases,  which  are  seldom  introduced  into 
the  figurate  operations  of  the  art.  As, 
however,  the  difference  between  the  deci- 
mal and  the  dual  systems  of  notation  will 
probably  be  best  understood  from  an  ex- 
ample we  may  observe  that,  according  to 
the  decimal  or  usual  system  of  notation, 
73.598  is  merely  an  abbreviated  method 
of  expressing: — 

7aO)+3  +  TV  +  TfT  +  To87nr 
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which,  if  we  use  the  commonly  accepted 
method  of  expressing  powers,  will  become 
7(10)'  +  3(10)"  +  50-0)-1  +  7(10)-2  +  8(10)-3, 
and  we  call  1,  0,  - 1,  -  2,  -  3,  the  powers 
of  the  base  which,  in  the  decimal  system, 
is  always  10.  Now,  in  dual  arithmetic  it 
is  only  the  powers  of  the  dual  bases 
which  are  registered,  and  each  dual  digit 
is  the  power  of  a  different  base;  and  in 
order  to  avoid  any  departure  from  the 
usual  Arabic  notation  we  will  merely  pre- 
fix dna:  or  dnd:  to  the  figures,  according 
as  they  belong  to  the  ascending  or  de- 
scending branch,  and  suffix  p1,  p2,  and  so 
on,  to  indicate  the  power  of  10  in  the 
decimal  system  with  which  they  are  con- 
nected; thus: — 

1.41 421856= dna:  36094110  p. 

141421.  356=dna:  36094110  p5. 

.99923682= dnd:  00076343  p. 

It  will  be  obvious  that  there  is  no 
greater  inconvenience  in  representing  a 
dual  number  hi  this  manner  than  in  rep- 
resenting an  ordinary  Brigg's  logarithm 
by  prefixing  log.;  and  it  may  here  be 
mentioned  that  it  is  proposed  to  indicate 
the  dual  logarithm  or  mental  logarithm 
by  prefixing  dl:  to  the  ordinary  Arabic 
numerals  in  the  same  way.  When  some 
of  the  dual  digits  belong  to  the  ascending 
and  some  to  the  descending  branch  either 
prefix,  dna:  or  dnd:  may  be  used,  care 
being  taken  to  place  a  negative  sign  over 
the  digits  belonging  to  the  other  branch ; 
thus: 

dna:  35014738p4=dnd:  35014738p4. 

For  the  sake  of  uniformity  it  is  prefer- 
able in  such  cases  always  to  use  the  first 
form.  It  shotdd  be  well  understood  that, 
although  we  have  given  141421.356  = 
dna:  36094110p5,  many  dual  numbers 
may  be  found  to  represent  the  .same 
natural  number ;  and  it  is  a  peculiarity  of 
the  system  that,  although  a  given  natural 
number  may  be  represented  by  a  vast 
number  of  dual  numbers,  yet  every  dual 
number  which  represents  such  given 
natural  number  may  be  almost  instantly 
reduced  to  one  and  the  same  dual  loga- 
rithm. Dual  digits  are  intimately  con- 
nected with  binominal  coefficients,  and 
reference  to  the  arithmetical  triangle, 
formed  when  the  binomial  coefficients  for 
the  several  powers  are  written  down  con- 
secutively, will  assist  the  memory  for 
converting  dual  numbers  into  natural 
numbers,  and  vice  versa.     A  line  of  units 


is  written  horizontally,  and  a  second  line 
vertically,  the  remaining  squares  being 
filled  by  a  number  equal  to  those  in  the 
squares  immediately  above  and  to  the  left 
of  it;  thus: — 


1    la 

lb 

lc 

1 

1 

1   1 

1 

la     2b 

3c 

4 

5 

0 

7   8 

&c. 

lb      3  c 

6 

10 

15 

21 

28  36 

&c. 

1c     4 

10 

20 

35 

56 

84  120 

1   5 

15 

35 

70 

126 

210 

1   6 

21 

56 

126 

252 

1   7 

28 

84 

210 

1   8 

36 

120 

1   9 

45 

1   10 

1 

Now,  we  can  see  at  a  glance  that  taking 
the  diagonals  consecutively — first,  a,  a  / 
then  b,  b,  b  ;  then  c,  c,  c,  c;  and  so  on — 
we  have  the  coefficients  of  the  simple 
quantity,  of  the  square,  of  the  cube,  and 
so  on  respectively,  and  these  are  precise- 
ly the  operative  numbers  which  we  shall 
hereafter  find  very  usefid  for  giving  us 
our  mental  logarithms.  In  the  dual  sys  ■ 
tern  of  arithmetic,  these  numbers  are 
used  to  find  the  powers  of  the  bases  .9; 
.999;  .99;  and  so  on,  as  well  as  the 
powers  of  the  bases  1.1;  1.01;  1.001; 
and  so  on;  but  it  must  be  remembered 
that  in  the  descending  branch  the 
second,  fourth,  sixth,  and  other  even 
coefficients  must  be  regarded  as  negative 
and  used  accordingly. 

The  position  of  the  dual  digits  is  reck- 
oned from  the  left  hand;  so  that  in  the 
quantity  dna:36094110p5,  the  3  is  said  to 
be  in  the  first  position,  the  6  in  the 
second,  and  so  on.  In  the  first  place, 
then,  we  must  know  how  to  find  the 
natural  number  answering  to  a  single 
digit  of  either  branch  in  any  position. 
Assuming  as  before  that  the  working  of 
an  example  is  the  readiest  means  of 
elucidation,  let  us  find  the  value  of  dxa  :  9 
in  the  first  position.  The  arithmetical 
triangle  gives  us,  if  we  read  diagonally 
for  9  either  up  or  down.  1,  9,  36.  84.  126, 
126,  84,  36,  9,  1,  and  we  write  these  in 
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such  a  manner  that  the  units  shall  form 
one  horizontal  line,  the  tens  and  hund- 
reds running  diagonally  to  the  left 
beneath  them,  thus: — 


!•     9      6 


6 


6 


2      2 


Consequently,  as  there  is  nothing  to 
denote  that  the  power  of  10  is  other  than 
simple,  we  say  that  2.357947691 =dna:  9 
in  the  first  position.  When  the  dual 
digit  stands  in  the  second  position,  we 
proceed  in  the  same  way,  except  that  we 
write  0  between  each  diagonal.  Let  us, 
for  example,  find  the  natural  number 
equal  to  the  dual  digit  5  in  the  second 
position ;  that  is,  dna  :  05.  The  arith- 
metical triangle  gives  us  the  coefficients 
or  operative  numbers  as  they  are  called 
in  dual  arithmetic,  and  we  write — 

10500000501 


10510100501 

so  that  1.0510100501  =  dna:  05.  Upon 
the  same  principle,  two  cyphers,  00,  must 
be  inserted  between  the  diagonals  when 
the  dual  digit  is  in  the  third  position; 
three  cyphers,  000,  when  the  dual  digit 
is  in  the  fourth  position,  and  so  on.  We 
shall  presently  see  that  this  property  of 
numbers  can  be  very  extensively  utilized. 
In  arithmetical  calculations  it  is  usually 
sufficient  for  all  practical  purposes  if  we 
can  ensure  accuracy  to  eight  places  of 
figures,  and  we  shall  observe,  if  we  take 
any  dual  digit  in  the  fifth,  sixth,  seventh, 
or  eighth  position,  that  in  the  correspond- 
ing natural  number  all  the  places  except 
.one  in  the  decimal  fraction  portion  are 
filled  with  cyphers,  the  exception  being 
the  fifth,  sixth,  seventh,  or  eighth  place, 
as  the  case  may  be,  which  contains  a 
digit  identical  with  the  dual  digit.  It  is 
unnecessary  to  show  the  working,  but  it 
will  be  found  that — 

DNA  :  00002000p= 1.00002000 
dna  :  00000070p=1  .00000070 
dna  :  00009358p=1  .00009358 

The  advantage  of  utilizing  this  fact  is, 
that  we  can  obtain  a  dual  number  cor- 


rect to  eight  places  of  figures  corre- 
sponding to  any  given  natural  number  by 
the  calculation  of  the  first  four  figures 
only ;  which  calculation  can  be  performed 
in  a  few  seconds.  The  natural  number 
corresponding  to  the  last  four  dual  digits 
is  written  down,  and  this  is  manipulated 
with  the  operative  number  furnished  by 
the  arithmetical  triangle.  The  unfound 
dual  digits  may  be  worked  off  in  any 
order  whatever;  but  care  must  be  taken 
to  locate  the  results  in  periods  corre- 
sponding to  the  position  of  the  dual  digit 
sought;  that  is  to  say,  when  operating 
for  dual  digits  in  the  first  position  the  re- 
sults must  be  written  down  in  single 
figure  periods;  when  operating  for  dual 
digits  in  the  second  position  in  two-figure 
periods;  and  so  on.  To  take  an  example, 
let  it  be  required  to  reduce  dna: 
35014738p4  to  a  natural  number.  We 
neglect  the  decimal  and  proceed  thus: 


dna:  00004738=1 


010101014 
8  0  0:0  1 

3  0j0  0 
llOO 


dna:  30004738=1  3  3  110  6 


7]3|8. 
4211. 
14j2. 
0  0  5. 


.1 
.3 
.3 

•1J 


o|§ 


310  6 


dna  :  30014738=1 


3  3 


1331  1..-1 

•+1 
.-5 


95. 

49. 
93. 
31. 

7. 


1 


<D  © 


,+io  y  g  e 

+5    J    So 


DNA  :  35014738=1  26570115 
,\  dna:  35014738p4=12657. 0115 

It  will  be  observed  that  the  operative 
numbers  are  always  used  as  ordinary 
multipliers,  and  that  all  positive  products 
are  added,  whilst  all  negative  products 
are  subtracted,  the  final  results  obtained 
being  the  natural  number  sought.  We 
have  seen  that  dna:  00004738  =  100004738 ; 
and  hence,  generally,  dna  :  0000  v  x  y  z= 
1.0000  vxy  z  •  when  v  x  yz  are  digits  oc- 
cupying positions  like  4738  in  the  ex- 
ample. But  this  is  not  all,  for  it  will  be 
found  that  dnd:  00004738  is  equal  to 
1.00000000.-  00004738  =  .99995262;  and 
generally  dnd  :  0000 v x yz  —  100000000 
— .0000  vxyz;  and  the  knowledge  of 
these  facts  can  frequently  be  utilized  in 
practice. 

The  rule  for  the  reduction  of  common 
to  dual  numbers  is  of  course  the  converse 
of  that  which  we  have  just  been  consid- 
ering. To  find  the  dual  digits  for  the 
first,  second,  third  and  fourth  positions, 
we  first  take  the  common  number  corre- 
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sponding  to  a  dual  digit  of  either  branch, 
so  that  the  leading  figures  of  this  num- 
ber may  approach  the  leading  figures  of 
the  given  number ;  then  the  dual  digits 
which  have  to  be  aj)plied  to  bring  the 
number  selected  to  the  given  one  will  be 
the  other  digits  of  the  required  dual 
number.  Owing  to  the  properties  just 
referred  to,  it  will  be  obvious  that  when 
the  dual  digits  for  the  first  four  positions 
have  been  found,  the  remaining  four  may, 
when  accuracy  to  eight  places  is  sufficient, 
be  run  in  at  one  operation.  By  way  of 
example,  let  it  be  required  to  reduce 
12657.0115  to  a  dual  number.  We  will 
explain  the  steps  of  the  process  after 
working  it. 

Given  number=126570115. 


DNA  :  3 


»MD  :  05 


dnd  :  0001 


13 


oo;ooio. 
55I000. 


3310 
1;33 


1265 


7677 
1265 


DNA 
DNA 
DNA 

DNA 


00004 
000007 
0000003 
00000008 


1265614  119 
5062. 


3  8. 
10. 


•+1 
.-5 
.+10 
.-10 

•+5 


126570115 


We  have  now  only  to  collect  the  dual 
digits  and  represent  the  decimal  point  in 
the  given  power  by  the  index  of  the 
power,  and  we  have:  12657.0115  =  dna: 
35014738p4,  which  proves  the  correctness 
of  both  reductions.  With  regard  to  the 
steps  in  the  process  it  could  be  instantly 
determined  by  inspection  that  the  com- 
mon number  133100000 =dna:  30000000 
was   the  nearest  number  to  126570115. 

As  the  selected  number  was  too  large, 
we  knew  that  the  next  dual  digit  must 
belong  to  the  descending  branch.  The 
number  126576776  was  also  too  large,  so 
that  the  descending  branch  had  again 
to  be  used,  and  we  obtained  dna: 
35010000  =  126564119,  which  is  smaller 
than  the  given  number;  therefore,  the 
dual  digits  in  the  fifth,  sixth,  seventh, 
and  eighth  position  will  belong  to  the  as- 
cending branch,  and  by  using  such  multi- 
pliers as  will  enable  us  to  make  up  the 
deficiency  we  obtain  4738  for  the  remain- 
ing four  places. 

As  there  should  now  be  no  difficulty  in 
reducing  a  given  natural  number  to  a 
dual  number  or  in  finding  the  natural 


number  corresponding  to  a  given  dual 
number  of  either  branch,  all  that  remains 
is  to  show  the  method  of  finding  the 
logarithm  of  a  given  dual  number ;  that 
is*  to  say,  the  method  of  calculating  a 
dual  logarithm,  and  then  to  explain  the 
method  of  reducing  a  dual  logarithm  to 
a  natural  number.  The  first  tiling  to  be 
considered  is  whether  the  dual  number 
belongs  to  the  ascending  branch,  to  the 
descending  branch,  or  is  mixed;  as  the 
method  of  reduction  differs  in  each  case. 

Rule  1. — To  reduce  a  dual  number  of 
the  ascending  branch  to  a  dual  logarithm 
(dl:),  regard  the  given  dual  number  as  a 
natural  number,  add  31018  times  the  first 
dual  digit ;  plus  33.09  times  the  second 
dual  digit ;  then  subtract  five  times  the 
first  three  dual  digits,  a  cypher  (0)  being 
placed  after  each,  and  the  remainder, 
minus  half  the  fourth  dual  digit,  will  be 
the  dual  logarithm  sought. 

Rule  2. — To  reduce  a  dual  number  of 
the  descending  branch  (of  eight  consecu- 
tive dual  digits)  to  a  dual  logarithm  (dl:), 
regard  the  given  dual  number  as  a  natural 
number,  add  five  times  the  first  three 
dual  digits,  supposing  a  cypher  placed 
after  each;  36052  times  the  first  dual 
digit ;  and  34  times  the  second  dual  digit. 
The  sum  will  be  the  dual  logarithm 
sought,  and  less  than  one  unit  out  of 
truth. 

Rule  3. — To  reduce  a  dual  number 
consisting  of  eight  consecutive  dual  dig- 
its, some  of  which  belong  to  the  ascend- 
ing and  some  to  the  descending  branch, 
treat  those  belonging  to  each  branch 
separately :  subtract  one  result  from  the 
other  and  the  difference  is  the  dual  logar 
ithm  sought ;  it  belongs  to  that  branch 
which  has  the  greater  number. 

Remark. — Dual  logarithms  are  always 
whole  numbers :  those  of  the  ascending 
branch  have  dla  :  prefixed  to  them ;  those 
of  the  descending  branch  have  dld  :  pre- 
fixed. It  must  be  remembered  that  the 
dual  logarithm  of  2  is  dl:  69314718  ;  and 
that  the  dual  logarithm  of  10  is  dl  : 
230258509,  as  these  logarithms  are  so  fre- 
quently required  that  it  is  unnecessary  to 
re-calculate  them  each  time. 

Rule  4. — To  prepare  a  dual  logarithm 
for  reduction  to  its  corresponding  dual 
number,  find  the  difference  between  the 
given  dl  :  and  some  multiple  of  dl  : 
230258509,  or  of  dl:  69314718,  and  re- 
peat the  process  until  the  remainder  is 
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less  than  half  of  dl  :  23a258509,  and 
intimately  less  than  half  of  dl  :  69314718. 
When  necessary,  complete  this  final 
remainder  to  8  places  by  prefixing 
cyphers  on  the  left;  then  apply  one  or 
other  of  the  following-  rules  according-  as 
snch  remainder  is  a  dla  :  or  a  dld  : 

Rule  5. — To  reduce  a  prepared  dual 
logarithm  of  the  ascending  branch  to  its 
corresponding  dual  number,  write  down 
the  given  dla  :  and  add  thereto  500,000 
times  the  first  figure  (increased  by  1 
when  the  second  is  5  or  upwards) ;  sub- 
tract 31,018  times  the  first  figure  from 
the  sum ;  add  5000  times  the  second 
figure  of  the  remainder,  subtract  33.09 
times  the  same  figure.  And,  then  add 
50  times  the  third  figure,  plus  half  the 
fourth  figure.  The  sum  will  be  the  dual 
number  sought. 

Rule  6. — To  reduce  a  prepared  dual 
logarithm  of  the  descending  branch  to  its 
corresponding  dual  number,  write  down 
the  given  dld  :  and  subtract  therefrom 
536052  times  the  first  figure  ;  then  sub- 
tract 5031  times  the  second  figure  of  the 
remainder  :  and  lastly  subtract  50  times 
the  third  figure  of  the  new  remainder. 
The'' final  remainder  will  be  the  required 
dual  number. 

Remake. — In  applying  the  fifth  and  sixth 
rules  the  figure  multiplied  must  not  alter 
in  the  operation,  but  must  reappear  in 
the  remainder. 

We  have  placed  these  rules  together,  in 
order  to  facilitate  reference  to  them,  and 
will  now  show  their  application  in 
practice.  To  economize  space  we  will 
take  one  example,  which  will  necessitate 
the  application  of  all  the  rules.  Let  it, 
therefore,  be  required  to  find  the  dl  :  of 
12657.0115,  and  prove  that  the  dl:  found 
is  the  correct  one.  As  we  have  already 
found  that  dna  :  35014738  p4  is  a  dn  : 
corresponding  to  the  natural  number 
12657.0115,  and  since,  if  our  thoughts 
did  not  run  precisely  in  the  same  direc- 
tion, the  resulting  dn  :  would  be  different 
we  will  not  recalculate  it;  but  proceed  at 
once  to  reduce  dna:  35014738  p4  to  a  dl: 
which  is  thus  effected: — 

Separating  the  branches  in  Ride  3,  we 
have  dna  :  30004738,  and  dnd  :  05010000 
to  operate  upon.  We  neglect  the  p4  for 
the  present  and  applying  Rule  1  to  the 
dna  ;  and  Rule  2  to  the  dnd  :  the  work- 
ings will  stand  thus  : — 


Firstly 

31018  x  3  (the  first  dual  digit) 


30  00  00x5 

dna:  30001738 

Secondly. 

00  50  00x5 

36052  x  0  (the  first  dual  digit) 
34  x  5  (the  second  dual  digit) 

dnd:  05010000 

Lastly 


.  30004738 
93054 

30007792* 
-=1500000 


= dla:  28597792 

05010000 

.   25000 

0 
170 


= dld:  05035170 

...dla:  28597792 
dld:  05035170 


P4=230258509x4 


dla:  23562622 
= dla:  921034036 


dna:35014738p4 


= dla:  944596658 


Consequently  we  find  that  the  natural 
number  12657.0115  is  equal  to  dla: 
944596658,  and  we  have  now  to  prove 
that  this  is  correct.  We  first  apply  Rule 
4  to  eliminate  the  powers  of  10. 


230258509  x4=p*  = 


Given  dla:  944596658 
921034036 


Apply  Rule  5  to. . . 
500000  x  2  (first  dual  digit) 


31018  x  2  (first  fig.  of  rem.) 


.  23562622 
x   1000000 

24562622 
-       62036 


24500586 
5000  x  4  (second  fig.  of  rem.)  -f      20000 


33  x  4  (second  fig.  of  rem. ) 


50x5  (third  fig.  of  rem.) 
Half  of  fourth  fig.  of  rem.) 

dla:  944596658 


24520586 
-     132 

24520454 

+    250 

1 


=dna:  24520705p4 


The  remainder  of  the  proof  is  simple 
enough,  since  it  is  obvious  that  we  have 
merely  to  reduce  dna  :  24520705  p4  to  a 
natural  number,  by  the  process  with  which 
we  are  already  familiar ;  thus : 

{See  process  on  following  page.) 

Now  a  very  peculiar  circumstance  may 
be  noticed  in  connection  with  this  series 
of  reductions — hi  obtaining  the  dl  :  from 
the  natural  number  we  passed  by  way  of 
one  dn:  whilst,  in  calculating  the  natural 
number  from  the  dl:  we  passed  by  way 
of  an  entirely  different  dn  :  yet  both  these 
dual  numbers  are  alike  reducible  to  the 
same  natural  number.     Moreover,  if  we 


*  The  second  dual  digit  being  0,  the  constant  33.09  is 
not  used. 


CLEVELAND   STEEL. 


33 


DNA  :  2 


=    12 


DNA  :  24       =12  5 


913 

629 
1 


0       DNA  .  04 

4 
1 

085 
566 

2  6  0     dna  :  005 
1 


DNA  :  245 


126  51439  1 
J2530 


9      dna  :  0002 
1 


dna:  2452  =    12656  9i2  22 

8  8  6     (7 
1       7     (5 
dna  :  24520705  =  126570115 

.  ■.  dna  :  24520705p4  =  12657.0115 

reduce  dna:  24520705  p4  to  a  dl:  we 
shall  find  that  we  again  obtain  dl: 
944596658  correct  to  eight  places  of 
figures;  which  is  certainly  strong  evi- 
dence in  favor  of  the  accuracy  of  Byrne's 
rules,  and  should  suffice  to  give  universal 
confidence  in  the  importance  of  the  art. 

In  conclusion  it  must  be  understood 
that  it  is  not  proposed  to  supersede  or- 
dinary logarithmic  tables  by  mental  loga- 
rithms, but  to  use  the  dual  arithmetical 
system  as  an  auxiliary  to  and  extension 
of  the  usual  system  of  logarithmic  calcu- 
lation ;  •  and  it  will  be  found  when  the 
dual  system  is  once  mastered,  as  it 
quickly  can  be  with  a  little  attention  and 
perseverence,  that  a  great  variety  of 
problems,  the  solution  of  which  usually 
involves   complicated  and  laborious  pro- 


cesses, can  be  accurately  and  readily 
solved  without  tables,  without  mental 
labor,  and  by  the  application  of  simply 
and  easily  remembered  rules.  For  ex- 
ample it  can  quickly  be  ascertained  that 
if— 

3.01416x6-28.233x'  +  923.7x3  + 

+  1234x*-1862x  =  1609149128, 

then  x  is  equal  to  56.43657,  which  would 
usually  require  much  labor;  and  the  dual 
system  equally  facilitates  the  calculation 
of  angular  magnitudes  and  trigonometri- 
cal lines,  the  solution  of  plane  triangles, 
without  the  use  of  tables,  the  determina- 
tion of  the  numerical  value  of  elliptic  and 
hyperbolic  functions,  the  extraction  of  the 
roots  of  equation  of  all  degrees,  and  in- 
deed the  solution  of  almost  innumerable 
problems  which  have  hitherto  been  con- 
sidered to  require  great  mathematical 
skill;  all  this  moreover  can  be  done  by 
any  one  acquainted  with  the  ordinary 
rules  of  arithmetic.  But  inasmuch  as 
the  present  object  is  not  to  demonstrate 
the  value  and  scope  of  dual  arithmetic, 
but  merely  to  show  by  a  practical  appli- 
cation of  it  that  its  advantages  may  be 
thoroughly  utilized  without  the  use  of  a 
special  notation,  these  few  references 
will  suffice,  and  it  is  hoped  that  after  the 
examples  which  have  been  worked,  and 
the  explanations  given,  this  will  be  fully 
acknowledged,  and  that  hereafter  the  sys- 
tem will  be  far  more  generally  studied  by 
all  classes 
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From  "Iron.' 


Can  Cleveland  iron  be  turned  into 
steel,  and  the  steel  thus  made  be  now 
sold  at  a  profit?  Speaking  broadly  of 
"  steel,"  we  mean  steel  of  suitable  quality 
for  rails,  boiler  and  ship  plates,  and  the 
other  heavy  branches  of  its  manufacture. 
The  cheapest  steel  now  made  and  used 
for  the  above  purposes  is  manufactured 
fram  haematite  or  other  ores  uncontami- 
nated  by  the  presence  of  phosphorus. 
The  Bessemer  converter  is  the  agent 
most  largely  enrployed  for  ridding  the 
iron,  subsequent  to  its  delivery  from  the 
blast-furnace,  of  the  impurities  it  has 
Vol.   XX.— No.  1—3 


gathered  up  in  the  operation  of  its  reduc- 
tion and  separation  by  fusion  from  the 
matrix  of  the  ore.  But  this  great  cheap- 
ener  of  steel,  the  Bessemer  converter,  has 
been  so  far  regarded  as  useless  in  dealing 
with  cheaper  irons  like  those  of  Cleve- 
land, because  it  failed  to  rid  such  brands 
of  their  most  objectionable  impurity — 
phosphorus. 

The  cheapest  mode  of  manufacture  has 
thus  far  only  dealt  with  the  dearest  raw 
materials.  When  the  cheapest  mode  of 
manufacture  deals  equally  well  with  the 
cheapest   raw  materials,   then   the  steel 
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trade  will  take  another  giant  stride,  and 
settle  in  new  quarters. 

When  in  1874  Cleveland  turned  out 
about  400,000  tons  of  iron  rails,  its  man- 
ufacturers scorned  the  name  of  steel,  and 
none  of  them  cared  to  spend  time  or 
money  in  investigating  a  point  they 
thought  would  never  affect  them.  But 
before  then,  sundry  far-seeing  men,  not 
thoroughly  contented  with  anything  short 
of  absolute  perfection,  essayed  to  solve 
the  riddle,  and,  commercially  speaking, 
failed,  they  therefore  laid  the  matter 
down,  and  enriched  themselves  by  easier 
means. 

The  easier  means  have  now  for  some 
time  almost  failed,  and  necessity  has  be- 
come the  mother  of  invention. 

Cleveland  iron  always  has  been  de- 
prived of  its  phosphorus  by  the  agency 
of  oxide  of  iron.  There  are  some  points, 
however,  about  the  question,  which  have 
only  lately  been  completely  realized,  and 
one  is  the  precise  conditions  under  which 
phosphorus  has  the  least  affinity  for  iron 
and  the  greatest  for  oxygen.  The  de- 
termination with  certainty  of  these  con- 
ditions (in  which  temperature  was  for  a 
long  time  held  to  play  a  most  important 
part)  appears  to  indicate  that  the  best 
substance  for  purifying  Cleveland  iron 
from  its  phosphorus  is  the  long-used 
agent  oxide  of  iron,  but  that  it  is  incon- 
venient to  use  this  substance  also  at  the 
same  time  for  the  removal  of  carbon,  as 
has  been  the  practice  since  the  days  of 
Cort. 

To  make  Cleveland  iron  into  steel, 
speaking  roughly,  all  that  is  necessary  is 
to  reduce  to  certain  very  small  percent- 
ages its  impurities,  phosphorus,  carbon, 
silicon  and  sulphur.  In  the  ordinary 
puddling  furnaces,  these  have  been  re- 
duced at  one  operation,  as  shown  below, 
from  forge  pig  to  puddled  bar,  and  after 
piling  and  rolling,  a  rail  was  produced 
from  this  iron,  whose  composition  is  also 
shown.  {See  table  on  following  column.) 
But  in  a  good  steel  rail  these  elements 
must  be  proportioned  within  narrow  varia- 
tions as  under : — 

Per  cent. 

Iron 98.49 

Carbon 0.32 

Silicon 0.05 

Sulphur 0.06 

Phosphorus 0.08 

mese 1.00 


100.00 


Iron 

Carbon 

Manganese 

Silicon 

Sulphur. .    

Phosphorus 

Oxygen  (in  cinder) 
Copper  


Forge    Puddled 


l'i.- 


bar. 


Rail. 


92.74 

98.800 

99.00 

3.11 

0.050 

0.25 

0.37 

0.052 

0.05 

2.00 

0.271 

0.22 

0.25 

0.035 

0.02 

1.53 

0.036 

0.35 

— 

0.405 

0.31 

0.027 

100.00 

100.00 

100.20 

Thus  we  see  that  in  the  Cleveland  iron 
rail  the  phosphorus  and  silicon  must  be 
reduced  and  the  carbon  increased  before 
it  assumes  a  composition  similar  to  the 
steel  rail ;  and  we  need  scarcely  add  that, 
with  the  same  composition,  equal  strength 
and  like  qualities  will,  in  every  respect, 
be  obtained. 

Two  different  means  are  now  projected, 
by  one  of  which  Cleveland  will  doubtless 
ultimately  become  as  large  a  seat  for  the 
manufacture  of  steel  as  it  has  been  for 
the  production  of  iron.  From  recent 
disclosures  we  shall  not  be  surprised  if 
the  great  cheapener,  the  Bessemer  con- 
verter, is  yet  brought  into  requisition  to 
work  out  this  problem,  and  whilst  writing 
on  this  matter  we  are  reminded  of  an- 
other new  process  in  which  Mr.  Bes- 
semer's  so  original  and  invaluable  appa- 
ratus has  found  a  use — no  less,  in  fact, 
than  to  form  a  factor  in  the  probable 
future  manufacture  of  copper,  sulphur 
and  sulphuric  acid. 

It  has  been  a  generally  accepted  theory 
recently,  amongst  metallurgical  authori- 
ties, that  temperature  was  the  condition 
that  most  strongly  influenced  the  affinity 
of  the  phosphorus  for  oxygen  and  iron 
respectively  ;  but  it  is  now  pretty  clearly 
demonstrated  that  this  was  a  mistake, 
and  that,  provided  the  cinder  is  suffi- 
ciently basic,  phosphorus  will  leave  iron ' 
and  take  to  the  oxygen  in  oxide  of  iron 
at  any  furnace  temperature. 

The  two  different  means  above-referred 
to  for  making  steel  from  phosphoric  iron 
are,  therefore,  these : — (1)  To  blow  Cleve- 
land iron  in  a  Bessemer  converter  pro- 
vided with  a  non-silicious  lining,  the 
phosphorus  being  removed  from  the  iron 
during  the  operation,  either  by  the 
agency  of  oxides  put  into  the  converter, 
or  by  oxide  produced  by  overblowing. 
(2)  To  dephosphorize  Cleveland  iron  by 
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washing  with  an  excess  of  oxide  of  iron, 
and  decarbonize  the  liquid  product  in  a 
Siemens-Martin  furnace. 

We  see  no  grounds  at  present  for  de- 
claring that  either  of  these  processes  is 
likely  to  prove  so'  much  the  cheaper  as 
entirely  to  exclude  the  other.  The  chief 
item  of  cost  in  both  cases  is  oxide  of  iron, 
and  as  much  of  this  must  be  employed  in 
one  case  as  in  the  other  to  obtain  a  like 
result. 

As  regards  the  first  plan,  how  far  sili- 
con may  be  dispensed  with  when  blowing 
phosphoric  iron  in  the  Bessemer  con- 
verter, is  not  yet  finally  determined.  If 
the  carbon  is  eliminated  along  with  the 
phosphorus,  the  heat  must  be  got  up  by 
the  oxidation  of  some  element,  and  it  is 
well  known  that  no  English  iron,  low  in 
manganese,  can  be  readily  blown  with 
much  less  than  two  per  cent,  of  silicon. 
Now,  the  more  silicon  present  in  the 
phosjDhoric  iron  blown  in  a  converter  the 
more  basic  oxide  must  be  at  hand  to  hold 
the  phosphorus. 

On  the  contrary,  pig-iron  low  in  silicon 
is  just  the  thing  for  the  washing  process 
in  which  phosphorus  is  removed  and 
carbon  kept  in.  A  high  temperature  is 
unnecessary,  and  the  heat  due  to  the 
oxidation  of  silicon  is  not  required, 
therefore,  by  this  process  a  non-silicious 
pig-iron  may  be  employed  capable  of 
being  dephosphorized  by  a  minimum 
weight  of  oxides. 

Reducing  the  operation  to  its  simplest 
form,  the  molten  iron  would  be  taken 
from  the  blast-furnace  either  periodically 
or  continuously  into  a  suitably-con- 
structed refining  furnace,  either  capable 
of  being  mechanically  revolved,  or  agi- 
tated, or  stationary.  In  whatever  way 
the  Cleveland  engineers  might  work  this 
out,  the  metal  would  be  therein  subjected 
to  the  washing  of  liquid  oxide  of  iron. 
The  process  is  not  one  involving  heat 
absorption,  but,  on  the  contrary,  there  is 
a  calorific  evolution  due  to  the  oxidation 
of  silicon  and  phosphorus  to  an  amount, 
we  have  little  doubt,  quite  sufficient  to 
compensate  for  radiation,  especially  if  the 
process  could  be  made  continuous.  Look- 
ing broadly  at  this  process,  there  is  noth- 
ing about  it,  except  the  cost  of  the  oxide 
of  iron,  which  would  appear  to  involve 
much  expense.  Non-silicious  linings  and 
a  basic  cinder,  of  course,  apply  in  this 
case  as  in  a  converter. 


The  Bessemer  converter  has  held  its 
place  for  making  steel  rails  almost  to  the 
exclusion  of  the  open-hearth  system,  and 
it  may  be  so  in  Cleveland  in  the  future. 
But  for  mild  steel,  in  which  the  exact 
percentages  of  carbon  and  manganese 
are  of  great  importance,  there  is  clearly 
at  present  a  leaning  in  favor  of  the  Sie- 
mens process. 

In  comparing  the  cost  of  these  two 
systems  of  making  steel,  the  chief  item 
which  strikes  one  is  the  difference  in  the 
wages  account;  the  amount  paid  in 
wages  on  each  ton  of  Siemens  steel  being 
about  double  what  is  paid  per  ton  of 
Bessemer  steel.  The  great  length  of 
time,  viz.,  nine  to  eleven  hours,  which 
has  so  far  been  required  to  get  out  a 
heat  of,  say,  ten  tons  of  Siemens  steel, 
accounts  for  this  difference.  But  Cleve- 
land iron,  dephosphorized  by  the  washing 
process,  may  be  transferred  liquid  to  the 
open  hearth,  and  in  the  absence  of  silicon 
decarbonized  with  three  cwt.  of  ore  to 
the  ton,  and  run  out  as  good  steel  in 
from  three  to  four  hours.  This  would 
make  nearly  all  the  difference  in  wages, 
not  to  mention  the  saving  in  coals. 

The  very  ingenious  combination  at 
work  in  Belgium,  known  as  "  The  Fomo- 
Convertisseur  Ponsard,"  bids  fair,  under 
like  conditions,  even  to  complete  such  an 
operation  hi  a  still  more  limited  time, 
for  we  are  assured  that  this  apj>aratus  is 
now  making  good  steel  in  less  than  four 
hours  out  of  cold  pig-iron  and  rail  ends. 

Many  minds  are  now  concentrated  on 
the  jn'oblem  of  making  steel  in  the 
cheapest  possible  way,  and  there  is  a 
deep,  but,  for  Cleveland,  a  tantalizing 
interest,  in  awaiting  and  noting  each  suc- 
cessive step.  Stagnant  and  wearily  as 
its  fortunes  now  trail  on,  we  cannot 
but  think  that  from  amongst  the  means 
we  have  glanced  at,  there  is  even  now  a 
radiant  glory  just  arising  to  regild  and 
illuminate  the  iron  towers  of  Middles- 
borouarh. 


Switzerland  has  gained  a  considerable 
accession  of  valuable  and  prospectively 
productive  land,  by  the  opening  of  the 
canal  from  Aarberg  to  the  Lake  of  Bienne, 
which  has  been  nearly  ten  years  in  con- 
struction. About  74,000  acres  of  marsh 
land  are  drained  by  it,  and  the  banks  of 
Lakes  Morat,  Neufchatel  and  Bienne  are 
secured  from  inundations. 
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THE  REGULATION  OF  RIVERS. 

From  "The  Engineer." 


Certain  well-riieaning  individuals  have 
suddenly  become  alive  to  the  fact  that 
British  rivers  stand  hi  need  of  regulation  ; 
that  is  to  say,  in  other  words,  that  the 
beds  of  these  rivers  want  straightening 
and  leveling,  and  that  the  construction 
of  embankments  is  required  to  prevent 
low-lying  districts  from  being  flooded  in 
winter,  while  sluices,  locks,  or  barrages, 
are  indisj)ensable  to  keep  the  level  of  the 
water  up  in  dry  weather.  Having  made 
this  discovery,  the  gentlemen  in  question 
immediately  got  up  a  species  of  mild 
agitation,  and  at  the  present  moment 
little  else  is  talked  of  in  some  circles. 
The  subject  has  been  in  one  sense  dis- 
cussed very  fully,  and  an  earnest  request 
was  made  at  the  recent  meeting  of  the 
British  Association  for  papers  on  subjects 
connected  with  rivers  and  their  manage- 
ment. The  request  was  complied  with, 
and  a  great  many  hastily-constructed 
productions  were  read,  or  taken  as  read, 
in  Dublin.  Also  a  committee  was  ap- 
pointed for  the  purpose  of  conferring 
with  the  Council  as  to  the  advisability  of 
urging  upon  Government  to  take  imme- 
diate action  to  produce  unity  of  control 
of  each  of  our  principal  river  basins. 
It  is  "understood,  moreover,  that  not  con- 
tent with  what  has  been  done  in  London, 
the  gentlemen  who  have  taken  the  bad 
condition  of  our  rivers  so  much  to  heart 
are  about  to  hold  meetings  in  the  provin- 
ces to  talk  about  the  whole  question,  and 
"  see  what  can  be  done."  The  object  had 
in  view  is  laudable,  and  we  have  nothing 
to  say  against  it.  It  would  be  a  pity 
that  so  much  energy  exerted  in  a  good 
cause  should  be  wasted ;  and  to  prevent 
this  as  far  as  lies  in  our  power,  we  pro- 
pose here  to  show  that  the  ajiostles  of 
river  regulation  are  beginning  at  the 
wrong  end,  and  to  explain  what  are  the 
preliminary  steps  that  must  be  taken  be- 
fore any  good  whatever  can  be  done ; 
and  this  is  the  more  necessary  because 
not  a  few  of  the  leaders  of  the  move- 
ment have  apparently  lost  their  heads, 
and  regard  as  "mere  matters  of  detail" 
questions  of  the  most  vital  importance. 

As  far  as  the  memory  of  man  goes 
back,  British  and  Irish  rivers  have  proved 


a  source  of  trouble  and  anxiety  to  those 
who  have  had  the  misfortune  to  dwell  on 
or  near  their  banks.  The  same  state- 
ment will  ajiply  to  rivers  in  France,  Ger- 
many, India,  America — to  rivers  all 
over  the  world,  in  fact.  This  circum- 
stance seems  not  to  be  generally  known, 
and  it  has  been  gravely  argued  that  floods 
are  now  much  worse  in  every  respect, 
and  do  more  damage  than  they  used  to 
do.  This  is  only  partly  true.  Good 
land  drainage  means  the  rapid  delivery 
of  storm  waters  into  the  nearest  stream,, 
and  inasmuch  as  Great  Britain  is  now 
better  drained  than  it  ever  was  before,  it 
is  very  likely  that  the  floods  are,  heavier, 
more  sudden  in  their  occurrence,  and 
caused  to  occur  with  less  rainfall  than 
formerly.  Rivers  have  always  made 
themselves  so  obtrusive  by  their  bad  be- 
havior, that  few  subjects  are  better  un- 
derstood by  engineers  than  the  laws 
which  govern  the  formation  of  floods, 
and  the  means  which  should  be  taken  to 
prevent  them ;  and  it  is  not  too  much  to 
say  that  half  a  dozen  men  might  be  found 
at  this  moment  in  Westminster,  who 
could  each  design  and  carry  out  a  system 
of  work  which  would  effectually  regulate 
British  rivers.  It  is  quite  unnecessary 
that  we  should  go  into  any  details  to 
prove  this  just  now;  yet  a  very  hasty 
perusal  of  much  that  has  been  recently 
written,  or  spoken,  on  the  subject,  will 
suffice  to  show  that  the  writers  and 
speakers  regard  the  subject  as  invested 
with  enormous  difficulties  of  a  purely 
engineering  character  ;  and  very  remark- 
able schemes,  to  say  the  least  of  them, 
have  been  proposed  for  the  drainage  of 
flood  districts,  the  construction  of  bar- 
rages, and  a  hundred  other  things, 
necessary  or  not  necessary.  The  answer 
to  all  proposals  and  schemes  of  this  kind 
is  that  when  the  work  needed  comes  to 
be  done,  engineers  will  do  it  with  great 
ease;  and  that  amateurs  will  have  to 
stand  on  one  side.  The  hyetological 
conditions  of  Great  Britain  are  sufficiently 
simple  and  fairly  well  understood.  We 
advise  those,  therefore,  who  have  the  will 
and  the  energy  to  agitate  for  the  reform 
of  our  rivers,  to  dismiss  from  their  minds 
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all  schemes  for  the  actual  execution  of 
the  work.  In  a  word,  the  time  has  not 
yet  arrived  for  the  interference  of  the 
engineer.  When  he  is  wanted  he  will 
step  on  the  stage  and  play  his  part  to 
perfection,  but  we  are  a  long  way  from 
this  part  of  the  drama  at  present. 

The  difficulty  which  must  be  combated 
and  overcome  before  our  rivers  can  be 
regulated,  is  much  more  serious  than 
any  which  engineers  will  have  have  to 
encounter.  It  consists  in  reconciling  or 
overruling  the  contending  interests  of 
river-side  proprietors.  One  of  the  pro- 
posals recently  made  is  that  what  may  be 
termed  district  water  governments  should 
be  appointed,  each  of  which  should  have 
the  sole  control  and  management  either 
of  a  given  stream,  or  of  a  given  district 
traversed  by  several  streams.  The  Thames 
Conservancy  Board  affords  an  example 
of.  one  of  these  governments,  which,  if 
not  accurate,  is  afc  least  near  enough  for 
our  purpose.  In  Holland,  local  govern- 
ments of  this  kind  control  all  work  done 
on  the  dykes.  The  idea  is  no  doubt 
good ;  indeed  it  is  very  difficult  to  see 
how  any  river,  such  as  the  Severn  for  in- 
stance, could  possibly  be  regulated  unless 
some  special  authority  was  appointed  to 
attend  to  it.  The  moment  we  have  come 
to  this  point  we  are  face  to  face  with 
difficulty  number  one.  Howis  the  board 
of  regulation,  or  conservancy,  whichever 
or  whatever  it  may  be  called,  to  be  con- 
stituted ?  Who  is  to  appoint  it  ?  and 
from  whom  can  it  derive  its  authority? 
There  can  be  but  one  answer.  The 
Board  must  be  empowered  by  Act  of 
Parliament  to  raise  the  necessary  funds 
by  taxing  those  whose  property  is  to  be 
benefited ;  to  carry  out  the  necessary 
works,  exercising  in  perpetuity  the  sole 
control  over  the  stream ;  to  rectify  the 
course  not  only  of  main  rivers,  but  of 
dozens  of  tributaries  :  to  alter  boundaries 
which  have  existed  from  time  immemorial, 
and  interfere  all  round  with  the  rights  of 
property  in  a  way  actually  without 
parallel.  How  is  Parliament  to  be  in- 
duced to  grant  such  powers?  This  is 
difficulty  number  two.  Let  us  suppose 
that  it  was  decided  to-morrow  that  the 
river  Severn  was  to  be  regulated.  The 
first  question  asked  by  those  holding 
property  on  the  stream  would  be — Who 
has  decided  this?  In  all  probability  it 
would  turn  out  that  the  orisrinators  of 


the  movement  were  a  comparatively 
limited  number  of  individuals  whose 
property  was  injured  by  floods ;  and 
these  gentlemen  would  at  once  have  to 
encounter  the  opposition  of  all  the  other 
people  who,  living  on  or  near  the  banks 
of  the  stream,  would  be  liable  to  be  taxed 
for  its  regulation,  bat  who  would  benefit 
in  no  way  by  that  regulation.  The 
minority  would  have  to  go  to  Parliament 
for  a  bill,  and  it  is  not  too  much  to  say 
they  would  not  get  it.  If  they  were 
more  fortunate  and  did  obtain  it,  it  would 
be  only  after  the  expenditure  of  an  im- 
mense sum  in  Parliamentary  costs  and 
fees  of  all  kinds.  Amiable  theorists 
maintain  that  it,  is  the  interest  of  every 
one  living  on  the  banks  of  a  river  to  con- 
tribute funds  for  its  regulation.  We  need 
not  dispute  the  soundness  of  the  theory, 
but  it  has  no  practical  value  in  the  pres- 
ent connection,  because  it  is  not  generally 
held  to  be  true.  Indeed,  there  are  indi- 
viduals who  usually  display  much  shrewd 
common  sense,  and  yet  maintain  that  in 
a  great  many  instances  the  value  of 
property  destroyed  each  year  by  floods 
would  not  pay  two  per  cent,  on  the  capi- 
tal which  would  have  to  be  expended  to 
prevent  them.  Arguments  like  these 
cannot  be  dismissed  as  "mere  matters  of 
detail,"  for  until  they  are  answered,  and 
that  to  some  purpose,  rivers"  will  not  be 
regulated  in  Great  Britain,  and  the 
movement  to  which  we  have  directed 
attention  will  die  a  natural  death. 

The  first  thing  to  be  done  by  those  who 
advocate  the  regulation  of  our  rivers  is  to 
ascertain  whether  those  most  interested 
are  of  the  same  opinion.  If  they  are,  the 
work  may  perhaps  be  done :  if  they  are 
not,  the  rivers  will  not  be  regulated.  Let 
a  committee  be  appointed  either  by  the 
Society  of  Arts  or  the  British  Association, 
or  some  other  competent  authority.  Let 
this  committee  begin  at  the  head  or 
the  mouth  of  some  important  stream 
liable  to  floods,  and  ascertain  step  In- 
step as  they  move  along  the  stream,  what 
are  the  desires  of  those  to  whom  the 
river  in  a  sense  belongs.  Let  it  be 
clearly  explained  to  the  farmer  that  cer- 
tain engineering  works  will  have  to  be 
carried  out  in  his  riverside  fields,  and 
that  he  will  have  to  pay  considerable 
sums  every  year  for  them.  In  a  word, 
let  the  whole  truth  be  put  before  him, 
and  then  ask  him  what  his  wishes  axe. 
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In  the  same  way,  let  the  mill-owners  be 
consulted,  and  the  proprietors  of  fisheries. 
In  the  course  of  half-a-dozen  such  trips 
as  this  the  committee  would  acquire  the 
information  which  no  one  else  possesses, 
and  armed  with  this,  they  could  either 
recommend  the  abandonment  of  the 
whole  idea,  or  its  active  prosecution.  To 
use  a  parliamentary  phrase,  the  sense  of 
the  country  should  be  taken  in  the  first 
instance,  and  if  this  is  against  the  inter- 
ference of  Parliament  in  riparian  matters, 
nothing  can  be  done.  We  have  already 
indicated  the  nature  of  several  questions 
that  may  be  asked.  We  regret  that  the 
list  is  not  full.  Suppose  that  a  committee 
of  the  Society  of  Intellectual  Hydrolo- 
gists,  let  us  say,  hi  the  coiu*se  of  such  a 
tour  in  search  of  information  as  we  have 
suggested,  were  to  come  across  a  sturdy 
riparian  proprietor  who  asked  them  what 
business  it  might  be  of  the  Intellectual 
Hydrologists  to  inquire  into  the  condi- 
tion of  the  river  of  which  he  was  part 
proprietor,  what  reply  would  be  given? 
We  really  cannot  suggest  a  satisfactory 
answer.  But  the  last  and  most  important 
question  of  all  remains  to  be  put.  Have 
those  who  are  so  earnest  for  the  regula- 
tion of  British  rivers  any  money  where- 
with to  even  commence  to  carry  out  the 
work  they  have  so  much  at  heart?  If 
they  have  not,  what  is  to  be  the  end  of 
conferences,  and  papers  and  discussions  ? 
We  have  asked  a  sufficient  number  of 
unpleasant  questions.  We  may  be  asked 
in  return  what  our  own  views  are.  We 
can  reply  in  very  few  words.  We  have 
no  hesitation  in  saying  that  much  might 
be  gained  by  the  construction  of  suitable 
regulation  works  on  many  of  our  princi- 
pal rivers ;  that,  as  regards  others,  they 
are  best  left  alone,  because  it  would  not 
pay  to  improve  them ;  that  any  scheme 
of  a  comprehensive  nature  for  the  regu- 
lation or  control  of  rivers  must  originate 
with  Parliament ;  and  must  be  a  national 
work,  carried  out  by  public  funds  in  the 
first  instance,  to  be  repaid  in  a  certain 
number  of  years  out  of  the  profits  to  be 
derived  from  the  works ;  that  local  or 
isolated  efforts,  either  of  individuals  or 
learned  societies,  are  not  likely  to  directly 
produce  regulation  work ;  and  that  the 
efforts  of  such  individuals  or  societies  as 
take  an  interest  in  the  matter  should  be 
devoted  to  inducing  Parliament  to  ap- 
point a  committee  to   inquire   into   the 


whole  subject  of  the  arterial  drainage  of 
Great  Britain  and  Ireland.  In  the  ap- 
pointment of  such  a  committee,  and  in  it 
alone,  lies  the  hope  of  the  would-be  regu- 
lators of  rivers.  .The  interests  to  be 
reconciled  are  too  opposed  and  too  great, 
and  the  work  to  be  be  done  is  too  im- 
portant to  be  dealt  with  by  individuals  or 
scientific  bodies.  Any  regulation  work 
which  will  deal  with  our  great  rivers 
must  be  undertaken  by  the  nation,  and 
regulation  operations  which  do  not  deal 
with  our  great  rivers  must  be  too  limited 
in  their  scope  to  possess  much  value  or 
deserve  much  attention. 


The  Strength  of  Wrought  Iron. — A 
series  of  experiments  has  been  carried  on 
at  the  Washington  Navy  Yard,  by  Com- 
mander L.  A.  Beardslee,  of  the  United 
States  Test  Board,  to  ascertain  the 
strength  of  iron  used  in  chain  cables.  It 
had  been  suspected,  with  just  reason, 
that  the  British  Admiralty  tables  for  the 
strength  of  wrought  iron  needed  revision. 
Not  less  than  2000  tests  of  the  tensile 
strength  of  iron  have  been  made  at  the 
Navy  Yard,  to  determine  the  elastic  limit, 
elongation,  and  reduction  of  area  of  the 
various  specimens;  and  42  complete 
chemical  analyses  have  also  been  per- 
formed. Some  of  the  conclusions  which 
have  been  reached  are  remarkable.  The 
admiralty  tables  are  declared  unsafe, 
and  new  ones  have  been  prepared.  The 
Board  finds  that  the  tenacity  of  two-inch 
bar  for  chain  cables  should  be  between 
48,000  and  52,000  pounds  per  square  inch; 
one-inch  bar,  between  53,000  and  57,000; 
and  that  stronger  irons  than  these  make 
inferior  cables,  because  they  have  less 
ductility  and  capacity  for  welding.  The 
strength  of  wrought-iron  and  its  welding 
power  are  influenced  quite  as  much  by 
the  reduction  it  has  undergone  in  rolling 
as  by  ordinary  differences  in  its  chemical 
composition.  In  general,  the  processes  for 
making  wrought-iron  give  an  uncertain 
quality  to  the  product,  while  the  methods 
of  making  cheap  steel  confer  certainty 
and  uniformity.  The  ordinary  practice 
of  welding  is  capable  of  great  improve- 
ment, by  being  performed  in  an  atmos- 
phere freed  from  oxygen.  The  importance 
of  the  subject  will  be  conceded,  since 
the  safety  of  human  lives  must  often  de- 
pend upon  the  strength  of  a  ship's  cable, 
or  of  the  links  in  a  bridge  chain. 


THE    STRENGTH    OF   MATERIALS. 


39 


THE  STRENGTH  OF  MATERIALS. 

By  WILLIAM  KENT,  M.E.,  Pittsburgh,  Pa. 
Written  for  Van  Nostrand's  Magazine. 


INTRODUCTION. 

The  literature  upon  the  subject  of 
Strength  of  Materials  is  very  extensive. 
Every  professional  engineer  has,  or 
should  have,  access  to  a  library  of 
volumes  containing  records  of  experi- 
ments made  for  more  than  a  century 
past,  upon  every  known  material  of  con- 
struction, together  with  mathematical 
and  logical  discussions  of  various  theo- 
ries of  strength  and  resistance,  sufficient 
to  enable  him  to  design  and  proportion 
structures  with  that  rough  approximation 
to  accuracy  and  economy  of  material 
which  is  at  present  allowed  in  most 
branches  of  engineering. 

In  some  departments  of  engineering 
construction,  notably  in  our  American 
bridge  building,  the  greatest  care  is 
taken  to  thoroughly  understand  and 
apply  the  principles  of  strength  of  materi- 
als, and  to  use  materials  of  known  qual- 
ity; so  that  in  both  the  theory  and  the 
practice  of  bridge  construction,  the  en- 
gineers in  charge  have  gone  even  beyond 
the  books,  and  have  done  better  work 
than  any  that  the  books  have  yet  re- 
corded. 

In  the  large  majority  of  constructions, 
however,  this  care  is  not  taken.  In  many 
cases  engineers  are  not  employed  at  all 
in  designing  structures,  and,  in  a  certain 
degree,  every  man  is  his  own  engineer. 
This  is  especially  true  in  the  construc- 
tion of  ordinary  buildings.  The  results 
are,  in  most  instances,  a  reckless  waste  of 
constructive  material,  and  frequently,  a 
want  of  correct  proportioning ;  heavy 
pieces  being  placed  where  light  ones 
should  be,  and  vice  versa.  The  waste  of 
constructive  materials  annually  in  this 
country  might  be  figured  in  millions  of 
dollars.  On  the  other  hand,  the  cost  of 
saving  material  where  it  should  not  have 
been  saved  has  too  often  been  the  sacri- 
fice of  human  life. 

It  is  chiefly  for  the  benefit  of  those 
users  of  materials  of  construction  who 
are  disposed  to  be  their  own  engineers 
that  this  series  of  articles  is  written,  but 


it  is  hoped  that  they  will  not  on  that 
account  be  without  interest  to  members 
of  the  engineering  profession. 

It  is  intended  to  present  some  facts 
and  figures  which  will  show  that  because 
a  metal  is  called  by  the  name  "iron"  it 
does  not  therefore  necessarily  possess  a 
definite  strength,  but  that  its  strength 
should  first  be  determined  by  test;  that 
published  records  of  tests  are  not  always 
to  be  relied  upon ;  that  many  tests  them- 
selves #re  not  reliable ;  and  that  in  using 
any  material  in  construction  not  only  its 
strength  but  its  other  properties  should 
be  considered. 

The  articles  will  consist  principally  of 
compilations  from  various  authorities, 
American  and  foreign,  to  whom  credit 
will  be  given  as  far  as  possible;  but 
many  facts  and  figures  will  be  given 
obtained  from  the  writer's  own  experi- 
ments, and  from  those  of  his  friends, 
which  have  not  heretofore  been  pub- 
lished. 

THE     STRENGTH     OF     MATERIALS. 

The  term  "strength  of  materials,"  in 
its  widest  sense,  as  used  by  many  author- 
ities, does  not  include  merely  what  is 
known  as  the  absolute  or  ultimate 
strength — or  the  resistance,  expressed  in 
pounds  per  square  inch  or  other  iinit,  to 
final  rupture — but  also  the  resistance 
within  certain  limits  of  distortion  short 
of  final  rupture,  as  the  elastic  limit  and 
the  point  of  permanent  set ;  the  safe 
load;  the  resistance  to  steady  and  to 
suddenly  applied  loads ;  and  the  resist- 
ance to  repetitions  of  loads  and  to  shocks 
and  vibrations.  It  also  includes  the 
amount  of  distortion  of  the  material 
before  final  rupture,  or  within  any  limit 
short  of  final  rapture,  commonly  called 
ductility;  and  the  property  of  returning 
towards  its  original  form  after  tempo- 
rary distortion,  or  elasticity. 

DEFINITION    OF    TERMS. 

The  external  forces  applied  to  materi- 
als tending  to  cause  their  rapture  or 
alteration  of  form  are  called  stresses. 


40 


VAN    NOSTRAND  S    ENGINEERING    MAGAZINE. 


They  are  of  different  kinds,  viz.  tensile, 
compressive,  transverse,  torsional  and 
shearing  stresses. 

A  tensile  stress,  or  pull,  is  a  force  tend- 
ing to  elongate  a  piece.  A  compressive 
stress,  or  push,  is  a  force  tending  to 
shorten  it.  A  transverse  stress  tends  to 
bend  it.  A  torsional  stress  tends  to  twist 
it.  A  shearing  stress  tends  to  force  one 
part  of  it  to  slide  over  the  adjacent  part. 

Tensile,  compressive  and  shearing 
stresses  are  called  simple  stresses. 
Transverse  stress  is  compounded  of 
tensile  and  compressive  stresses,  and 
torsional  of  tensile  and  shearing  stresses. 

To  these  five  varieties  of  stresses  might 
be  added  tearing  stress,  which  is  either 
tensile  or  shearing,  but  in  which  the 
resistance  of  different  portions  of  the 
material  are  brought  into  play  in  detail, 
or  one  after  the  other,  instead,  of  simul- 
taneously, as  in  the  simple  stresses. 

TENSILE    STRESS. 

Testing  Machines. — The  resistance  of 
materials  to  tensile  stress  is  the  one 
which  receives  most  attention,  as  it  is 
called  into  play  more  frequently  than  any 
other,  except  compressive,  and  is  consid- 
ered to  be  in  some  measure  an  index  of 
all  the  other  resistances.  It  is  usually 
determined  by  means  of  an  apparatus 
known  as  a  testing  machine.  The  char- 
acter of  this  machine  may  vary  with  the 
nature  and  strength  of  the  pieces  to  be 
tested.  To  test  the  tensile  strength  of  a 
piece  of  twine,  for  instance,  a  convenient 
apparatus  would  be  a  spring  balance,  the 
twine  being  fastened  at  one  end  to  a  firm 
support,  and  at  the  other  to  the  hook  of 
the  balance.  It  might  also  be  tested  by 
fastening  one  end  to  a  firm  overhead  sup- 
port, and  attaching  to  the  other  end 
such  a  vessel  as  a  tin  pail,  in  which  shot 
or  sand  could  be  poured  till  the  twine 
breaks,  and  then  weighing  the  pail  and 
its  contents.  For  testing  large  sections 
of  metal,  requiring  many  tons  to  break 
them,  the  testing  apparatus  may  be  a 
machine  of  great  size  and  strength,  re- 
quiring a  high  degree  of  skill  both  in  its 
construction  and  in  its  manipulation. 

Such  machines  have  been  built  in  this 
country  in  considerable  numbers.  One 
of  the  best  known  was  built  several  years 
ago  by  the  late  Major  Wade,  for  the 
United  States  » Government.  It  is  de- 
scribed in  his  Reports  of  Experiments  on 


Metals  for  Cannon  (Phila.,  1856.)  Copies 
of  this  machine,  as  improved  subsequently 
by  Capt.  Rodman,  are  now  in  use  at  the 
"Washington  Navy  Yark  and  in  the  U.  S. 
Array  Building  in  New  York.  One  of 
these  machines  has  been  used  for  several 
years  in  the  Woolwich  Arsenal,  in 
England. 

Fairbanks  and  Co.,  the  well  known 
scale  makers,  of  St.  Johnsbury,  Vt,  and 
more  recently  Riehle  Brothers,  of  Phila- 
delphia, have  paid  considerable  attention 
to  the  building  of  testing  machines,  and 
machines  of  their  makes  are  to  be  found 
in  various  iron-making  and  manufacturing 
establishments  throughout  the  country. 
All  of  these  machines  weigh  the  amount 
of  applied  stress  by  means  of  a  combina- 
tion of  levers  and  scale  beams.  In  the 
Riehle  machine  the  stress  is  applied  by 
means  of  a  hydraulic  press.  In  the  Wade 
and  the  Fairbanks  machines  the  stress  is 
applied  through  screws,  levers  and  wheel 
gearing,  or  some  combination  of  them, 
the  particular  combination  varying  in 
different  machines. 

For  testing  very  large  specimens,  re- 
quiring hundreds  of  tons  to  break  them, 
hydraulic   presses    have    been   used,    in 
which  the  stress  is  registered  by  gauges 
showing  the  pressure  of  the  liquid  used 
■  in  the  press.     Such  a  machine  is  in  use 
at  the  works  of  the  Keystone  Bridge  Co. 
j  in  Pittsburgh.     A  machine  has  recently 
I  been    built    by    Albert    H.     Emery    of 
[  Chicopee,    Mass.,    for    the    use   of    the 
United  States  Board   appointed  to  test 
Iron,  Steel,  etc.,  but  it  has  not  yet  been 
erected  in  position  for  use  on  account  of 
1  the  neglect  of  Congress  to  make  an  ap- 
propriation for   the   continuance  of   the 
work  of  the  Board.     It  is  designed  for  a 
\  capacity  of  800,000  pounds,    and  is  be- 
I  lieved  by  engineers  who  have  inspected 
lit   to 'be  the  most  accurate  machine  of 
large  capacity  ever  made. 

John  L.  Gill  Jr.  of  Pittsburgh,  has  re- 
cently built  a  testing  machine  of  100,000 
pounds  capacity,  for  general  work,  which, 
1  as  he  claims,  remedies  some  of  the  de- 
!  fects  possessed  by  all  machines  of  this 
class  which  have  heretofore  been  built. 

It  is  frequently  supposed  that  to  obtain 
|  the  tensile  strength  of  a  piece  of  iron,  or 
other  material,  any  testing  machine  will 
j  answer,  no  matter  how  roughly  built  or 
how  badly  used,  that  the  specimen  may 
|  be  of  any  convenient  size  and  shape,  and 
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that  any  person  of  ordinary  intelligence 
is  capable  of  making  an  accurate  test.  A 
review  of  what  has  been  written  by  vari- 
ous "  authorities  "  will  convince  any  one 
how  erroneous  is  this  idea. 

Mr.  Kirkaldy,  of  London,  the  eminent 
experimenter,  who  has  written  several 
works  containing  his  observations,  quotes 
Mr.  S.  Hughes  as  saying  that  writers  on 
the  strength  of  materials  in  the  last 
century  seldom  assigned  a  less  tensile 
strength  than  thirty  tons  (of  2,240  lbs.) 
as  the  weight  which  would  tear  asunder 
a  bar  of  ordinary  wrought  iron  one  inch 
square.  Thus  Emerson  quotes  the  ten- 
sile strength  of  bar  iron  at  34  tons ;  Tel- 
ford, 29.29  tons  ;  Drewry,  27  tons  ;  while 
at  the  present  day  Templeton  gives  25 
tons ;  Beardmore,  26.8  tons ;  Brown,  25 
tons ;  and  Hodgkinson,  probably  from 
more  careful  experiments  than  any  other,  | 
23.817  tons.  In  reference  to  these  fig- 
ures Mr.  Kirkaldy  states  that  he  does 
not  think  that  there  is  any  satisfactory 
evidence  in  the  experiments  adduced  to 
show  that  the  iron  now  produced  is  in- 
ferior to  that  made  during  the  last  cen- 
tury. The  difference  is  rather  due  to  ex- 
periments having  been  performed  by  so 
many  persons,  whilst  the  pieces  tested  by 
each  were  so  few — to  the  different  kinds 
of  apparatus  employed — to  the  results 
having  been  more  carefully  recorded  by 
some  than  by  others — to  the  extreme 
meagerness  of  details,  and  to  the  com- 
plete want,  with  a  few  exceptions,  of  the 
makers'  names  or  brands — which  ren- 
derered  futile  any  attempt  at  comparison. 
The  various  means  employed  to  tear  the 
piece  asunder  were — applying  weights 
directly  to  the  specimen,  single  lever  and 
weights,  compound  lever  and  weights, 
combined  with  a  hydraulic  press,  hy- 
draulic press  alone,  with  either  a  loaded 
valve  or  a  gauge  to  indicate  the  press- 
ure. 

When  such  wide  variations  are  found 
in  the  figures  of  the  strength  of  bar  iron 
published  by  those  who  are  supposed  to 
be  authorities  on  the  subject,  and  from 
whom  accurate  statements  ought  to  be 
expected,  is  it  any  wonder  that  figures 
reported  by  manufacturers  should  vary 
still  more,  when  their  tests  are  frequently 
made  on  inaccurate  machines,  by  unskilled 
operators,  and  when  the  results  are  apt 
to  be  influenced  by  incorrect  and  irregu- 
lar   methods    of    test,    and    by    variety 


of  shapes  and  methods  of  preparing  test 
specimens,  as  well  as  by  self  interest  ? 

A  striking  example  of  the  difference  in 
the  apparent  strength  of  wrought  iron 
as  obtained  from  different  testing  ma 
chines  is  given  in  a  paper  in  the  Metal 
lurgical  Mevievi  for  September,  1877,  by 
Mr.  John  J.  Williams.  In  testing  the 
iron  for  the  Point  Bridge,  Pittsburgh, 
three  machines  were  used.  One  is  said 
to  have  given  the  tensile  strength  from 
three  thousand  to  five  thousand  pounds 
per  square  inch  below  what  it  should  in- 
dicate, and  to  have  "pulled  crooked," 
causing  fiat  specimens  to  tear  at  one  edge 
before  the  iron  was  strained  to  the  great- 
est load  it  would  carry.  The  second 
machine  was  supposed  to  be  "  nearly  cor- 
rect." The  third  machine  was  found  on 
making  comparative  tests  to  indicate,  on 
an  average,  10,000  pounds  higher  than 
the  first,  "thus  proving  conclusively  that 
the  ultimate  strength  of  iron  depends  on 
where  the  testing  is  done,  and  what  kind 
of  a  machine  is  used." 

Shape  of  Specimen. — The  shape  of  test 
specimen  has  sometimes  an  important  in- 
fluence upon  the  record  of  strength.  It 
is  very  common  to  shape  test  pieces  as 


b  < 


Fig.  1 

shown  in  Fig.  1.,  in  which  A  represents  a 
piece  of  plate  or  flat  bar,  and  B  a  piece  of 
round  iron  or  other  material.  In  testing 
pieces  of  this  shape,  especially  in  wrought 
iron,  brass,  or  other  ductile  material,  the 
result  will  almost  invariably  be  higher 
than  the  true  result  as  determined  by 
test  pieces  of  the  shape  shown  in  Fig.  2. 
The  following  facts  may  be  given  in  con- 
firmation of  this  statement. 

Mr.  D.  K.  Clark,  in  his  "Bules.  Tables 
and  Data  for  Mechanical  Engineers " 
notes  a  test  made  by  T.  E.  Tickers,  of  a 
piece  of  steel  turned  down  to  one  inch  in 
diameter  and  fourteen  inches  in  length, 
which  gave  a  tensile   strength   of    sixty 
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tons  per  square  inch,  while  a  bar  of  the 
same  steel  turned  down  to  J  inch  in  a 
circular  notch  in  the  middle,  broke  at 
79£  tons  per  square  inch. 

C.  B.  Eichards,  C.E.,  in  the  Transac- 
tions of  the  American  Society  of  Civil 
Engineers,  Vol.  II.  p.  339,  gives  the 
following  results  of  tests  of  different- 
shaped  specimens  of  the  same  material : 
For  "Burden's  best"  bar  iron  the  "short" 
specimens,  (shaped  as  in  Fig.  1),  gave 
62,000  pounds  as  the  average  value  for 
the  tensile  strength  per  square  inch  of 
original  cross  section  of  the  finished 
specimen,  while  the  "long "  specimens 
(shaped  as  in  Fig.  2),  gave  only  49,600 


pounds  for  that  value,  the  difference  in 
results  corresponding  to  25  per  cent,  of 
the  smaller  value.  For  "Bay  State" 
boiler  plate,  the  short  specimens  gave 
52,100  pounds,  and  the  long  47,450 
pounds,  the  variation  being  10  per  cent. 
There  was  a  great  difference  in  the  duc- 
tility  of   these    irons,   the   Burden    bar 


(long  specimens)  stretching  on  an  aver- 
age 30.1  per  cent,  before  breaking,  and 
the  Bay  State  plate  only  12.4  per  cent., 
the  length  of  the  portion  on  which  the 
stretch  was  measured  being  five  inches  in 
each  case. 

Col.  Wilmot  found,  using  proof  bars  of 
a  form  similar  to  Fig.  3,  as  a  result  of 


Fig.  3 


eight  trials  of  Bessemer  steel,  a  mean  of 
153,677  pounds  per  square  inch,  and  on 
the  same  steel  turned  to  a  cylindrical 
form  three  inches  long  and  one  square 
inch  in  cross  section,  the  mean  was  only 
114,460  pounds  per  square  inch.  (Levi 
and  Kunzel's  Report  on  Phosphor- 
Bronze). 

Kirkaldy  made  some  experiments  to 
show  the  variations  in  results  for  tensile 
strength  of  Fagersta  steel  plates,  arising 
from  differences  in  the  form  and  propor- 
tions of  the  specimens.  One  set  was  ten 
inches  long  and  ten  inches  wide  at  the 
parallel  middle  portion,  the  second  was 
1^-  inches  wide  and  4^  inches  long,  and 
the  third  was  2J  inches  wide  and  100 
inches  long.  The  results  were  as  follows 
(Clark's  Rules,  Tables  and  Data) : 


UNAHTNEALED. 


Elastic  tensile 

Breaking- 
weight 
tons  per 

Ratio  of  elastic 
strength  to 

Permanent 

Area  of 
fractured 

strength 
tons  per  sq.  in. 

breaking 
weight 

extension 
per  cent. 

section 
per  cent,  of 

per  cent. 

original. 

Length = breadth  .... 

16.05 

26.39 

60.0 

29.7 

48.8 

Length=3  breadths. . 

15.56 

25.56 

60.3 

35.0 

43.2 

Length=44  breadths. 

13.71 

23.00 

ANNEALED 

59.2 

14.0 

43.1 

Length=breadth  .... 

13.53 

23.65 

57.0 

33.1 

39.1 

Length=3  breadths. . 

12.98 

23.16 

56.0 

39.3 

36.5 

Length=44  breadths. 

12.04 

21.31 

56.5 

16.5 

34.4 

Kirkaldy  found  that  the  influence  of 
the  shape  of  the  specimens  upon  the  re- 
sults varied  with  the  softness  or  ductility 
of  the  materials,  and  that  this  influence 


was   important  in    the   case   of   soft   or 
ductile  materials,  but  became  hardly  ap- 
preciable with  hard  and  brittle  materials. 
Richards  found  that  the  breaking  weight 
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per  square  inch  of  fractured  area  give 
nearly  equal  values  with  either  shape.  In 
the  case  of  the  "short"  specimen  the 
shape  tends  to  prevent  any  contraction 
of  cross  section,  and  this  would  tend  to 
make  the  apparent  strength  per  square 
inch  of  fractured  section  approximate  to 
that  of  a  long  piece  which  contracted  to 
a  greater  degree. 

The  writer  recently  made  some  tests  to 
determine  the  influence  of  shape  of  speci- 
men upon  some  samples  of  charcoal-re- 
fined iron  furnished  by  one  of  the  mills 
in  Pittsburgh  which  has  a  wide  reputa- 
tion for  the  superior  quality  of  its 
product.  The  following  table  shows  the 
results : 


No.  1. 

No.  2. 
No.  3. 
No.  4. 


Breaking  Strength. 


Per  square 
inch  of 
original 
section. 


lbs. 
52,261 
54,439 
59,682 
63,268 


Per  square 
inch  of 
practical 
section. 


lbs. 
97,567 
71,668 
76,531 
75,601 


Elong- 
ation 
per 
cent. 


16. 
15. 


Increased 
strength 
of  short 
specimen 
per  cent. 


4.2 
6.0 


No.  1  was  a  piece  of  flat  bar,  2"x^", 
a  "long"  specimen,  shaped  as  in  Fig.  2, 
A,  the  distance  between  the  shoulders 
being  5  inches  and  the  original  section 
of  the  portion  stretched  being  l"xV- 
No.  2  was  a  "short"  specimen  for  the 
same  bar,  shaped  as  in  Fig.  1  A,  the 
minimum  section  being  the  same  as  No. 

i,i"xi". 

No.  3  and  No.  4  were  a  "long"  and  a 
"short"  specimen  from  a  piece  of 
"  C.H.  No.  1 "  boiler  plate  f  inch  thick, 
stamped  "60,000  lbs.,"  shaped  as  in  Fig. 
2  and  Fig.  1  respectively.  All  the  tests 
were  made  ha  the  direction  of  the  fibre, 
all  were  made  on  the  same  testing  ma- 
chine, the  same  care  was  taken  in  fitting, 
and  the  same  length  of  time  taken  in 
each  test,  so  as  to  secure  as  far  as  possi- 
ble a  uniform  set  of  conditions  in  each. 
It  will  be  seen  that  the  short  specimen  in 
both  cases  gave  the  highest  results,  al- 
though the  variation  is  not  so  great  as 
that  given  in  the  experiments  of  Eichards. 
The  strength  per  square  inch  of  fractured 
section  of  No.  1  is  unusually  high,  and 
much   higher   than   that   of   No.    2,   the 


short  specimen  of  the  same  material. 
This  does  not  accord  with  Pilchards' 
statement,  given  above,  that  the  breaking 
weights  per  square  inch  of  fractured  area 
give  nearly  equal  values  with  either 
shape.  The  strength  per  square  inch  of 
fractured  section  of  No.  3  and  No.  4, 
however,  agree  quite  closely. 

Commander  L.  A.  Beardslee,  U.  S.  X. 
has  recently  made  a  large  number  of  such 
comparative  tests,  which  confirm  the 
general  fact  that  the  short  specimens 
give  the  highest  apparent  strength ;  but 
the  results  have  not  yet  been  published. 

The  above  results  of  experiments 
should  be  sufficient  to  show  that  tests  of 
"short"  specimens  of  ductile  materials 
are  of  little  or  no  value  for  giving  their 
actual  strength  as  used  in  construction. 
It  is  a  well  known  fact,  however,  that  in 
this  city  and  elsewhere,  tests  are  made  of 
short  specimens  of  soft  and  ductile  irons, 
and  the  figures  obtained  published  as  the 
"strength"  of  the  materials,  when  then- 
actual  strength  as  iised  in  a  structure  is 
much  lower.  Such  published  figiu'es  are 
not  only  unreliable  but  unfair.  The  fol- 
lowing reasons  may  be  given  why  the  use 
of  short  specimens  should  be  abandoned 
in  tests  for  commercial  purposes. 

1.  In  testing  short  specimens  no  accu- 
rate measurement  can  be  made  of  their 
extension  before  rupture,  as  a  means  of 
comparison  of  ductility,  a  quality,  the 
knowledge  of  which  is  quite  as  important 
as  that  of  absolute  strength. 

2.  In  testing  short  specimens,  two 
specimens  of  different  materials  may  give 
the  same  results,  while  long  specimens  of 
these  materials  may  give  different  results. 
Thus,  two  short  specimens  may  each 
show  a  tensile  strength  of  60,000  pounds, 
while  if  the  specimens  were  .of  the  long 
shape,  one  might  show  50,000  and  the 
other  55,000  pounds,  if  one  were  more 
ductile  than  the  other.  The  short  speci- 
mens, therefore,  fail  to  give  not  only  cor- 
rect absolute  results,  but  also  relative 
results. 

3.  There  is  no  standard  shape  of  short 
specimens,  and  as  the  difference  in  results 
due  to  various  shapes  of  short  specimens 
is  unknown,  no  proper  comparison  can 
be  made  of  the  results  of  different  ex- 
periments on  such  specimens. 

4.  As  shown  by  the  experiments  given 
above,  there  is  no  standard  relation  be- 
tween the  strength  of  a  short  specimen 
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and  that  of  a  long  specimen ;  hence,  if  a 
test  is  made  of  a  short  specimen,  it  fur- 
nishes no  means  of  knowing  what  strain 
the  material  will  bear  in  actual  service. 

5.  As  it  is  always  desirable  before 
using  any  material  of  construction  to 
know  its  strength  under  the  most  un- 
favorable conditions,  or  to  know  its  least, 
rather  than  its  greatest,  strength  under 
any  conditions,  the  test  of  a  sample 
of  the  material  should  show  its  least 
strength,  and  not  its  greatest,  as  does 
the  short  specimen.  Of  what  advantage 
would  it  be  to  know  that  a  short  speci- 
men taken  from  a  bridge-rod  will  show 
50',  000  pounds  strength,  when  if  a  long 
piece,  or  the  whole  rod  were  tested  it 
would  show  only  40,000  pounds  ? 

Other  Incorrect  Tests. — As  too  high  an 
apparent  strength  may  be  obtained  in 
testing  specimens  of  a  certain  shape,  so  a 
specimen  of  another  incorrect  shape,  or 
one  of  a  correct  shape  incorrectly  placed 
in  the  testing  machine,  may  give  too  low 
a  result.  This  occurs  when,  on  account 
either  of  the  shape  of  the  specimen  or  of 
the  manner  in  which  it  is  placed  in  the 
testing  machine,  the  line  of  strain  of  the 
machine  does  not  coincide  with  the  axis 
or  central  line  of  the  piece  tested. 


\J 


FiV.4. 


In  Fig.  4,  A  is  a  piece  that  is  incor- 
rectly shaped,  the  axis  of  the  heads  not 
being  in  a  line  with  the  axis  of  the  middle 
portion.  If  placed  hi  the  testing  machine 
in  the  manner  that  is  ordinarily  correct, 
viz.:  with  the  axis  of  the  heads  in  the 
line  of  strain,  as  shown  by  the  arrows, 
the  test  will  be  an  incorrect  one  and  the 
result  will  be  too  low.  The  piece  will 
break  partly  by  tearing  •  it  will  bend  as 
soon   as   the   strain  is  applied,   and  the 


fibers  will  give  way  on  one  side  before 
the  other.  B  represents  a  correctly- 
shaped  specimen,  but  being  incorrectly 
placed  in  the  testing  machine,  so  that  the 
line  of  strain  is  not  through  the  axis  of 
the  specimen,  as  indicated  by  the  arrows, 
it  will  also  break  partly  by  tearing  and 
give  too  low  a  result.  C  is  a  correctly- 
shaped  specimen,  but  the  upper  end  is 
rigidly  held  in  the  clamps  of  the  testing 
machine  in  the  correct  position,  while 
from  an  inaccuracy  of  adjustment  of  the 
lower  clamp,  or  of  the  testing  machine 
itself,  the  lower  end  is  pulled  sidewise, 
causing  a  tearing  strain.  In  all  these 
cases  the  tendency  is  to  bend  the-  speci- 
men before  breaking  it.  The  writer  has 
sometimes  seen  tests  made  in  which  the 
specimen  was  so  much  bent  before  it  was 
broken  that  the  bend  could  be  detected 
by  the  eye,  and  plainly  shown  on  placing 
a  short  straight  edge  against  the  side  of 
the  specimen.  More  frequently  he  has 
seen  tests  in  which  the  bend  was  imper- 
cej^tible  to  the  eye,  but  could  be  detected 
by  an  apparatus  used  for  the  purpose 
(which  will  be  hereafter  described)  which 
magnified  the  visible  appearance  of  bend- 
ing. In  many  cases,  by  a  slight  re-ad- 
justment of  the  clamps  which  held  the 
specimen,  the  bend  could  be  made  to 
take  place  first  on  one  side  of  the  speci- 
men and  then  on  the  other.  It  may  be 
imagined  how  valueless  the  result  of  a 
test  of  cast  iron,  or  of  any  brittle  material 
would  be  in  which  the  breaking  was 
caused  partly  by  pulling  and  partly  by 
bending. 

Mr.  Hodgkinson  states  that  the  strength 
of  a  rectangular  piece  of  cast  iron  drawn 
along  its  side  is  about  one- third,  or  a  little 
more,  of  its  strength,  to  resist  a  central 
strain.  It  is  evident  that  this  ratio  (one- 
third)  would  be  given  only  by  a  few  cer- 
tain shapes  pulled  in  a  certain  manner, 
and  that  it  would  vary  with  every  shape 
and  with  every  variation  of  the  error  of 
the  test.  The  resistance  of  any  material 
to  tearing  bears  no  relation  whatever  to 
its  resistance  to  direct  pull,  as  may  be 
conclusively  proven  by  the  simple  experi- 
ments of  pulling  and  tearing  a  slip  of 
paper  or  of  tin-foil. 

A  gentleman  in  this  city  states  that  in 
making  a  great  number  of  tests  of  spe- 
cial grades  of  cast  iron,  which  have  been 
frequently  found  by  other  experimenters 
to  have  a  strength  of  about  30,000  pounds 
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per  square  inch,  ne  has  not  been  able  to 
find  a  piece  having  a  btrength  much  over 
20,000  pounds.  The  discrepancy  is  so 
large  that  it  can  scarcely  be  accounted 
for  but  by  supposing  that  one  of  the 
testing  machines  is  not  correctly  adjusted, 
or  that  in  the  second  case  the  specimens 
are  not  correctly  placed  in  the  clamps. 

The  error  which  may  arise  in  a  test  of 
this  kind  is  usually  much  greater  with 
■cast  iron  or  other  brittle  material  than 
with  a  ductile  material  like  wrought  iron. 
The  ductility  of  the  latter  allows  it  to  be 
partially  "  drawn  into  a  line,"  while  the 
former  will  often  break  before  the  draw- 
ing into  line  can  take  place. 

Influence  of  Time  upon  Tests. — A  dif- 
ference in  results  may  be  obtained  in 
testing  two  specimens  of  the  same 
material,  if  the  time  occupied  in  one  test 
is  longer  than  that  occupied  in  the  other. 
This  difference  due  to  time  is  in  some 
cases  inappreciable,  perhaps  too  small  to 
be  measured;  but  in  other  cases  it  is 
enormous.  With  wrought  iron  and  soft 
rolled  steel,  the  more  gradual  the  test  the 
higher  will  be  the  result.  With  tin,  zinc 
and  some  other  metals  and  some  alloys, 
the  more  gradual  the  test,  the  lower  the 
result.  These  statements  are  not  yet 
generally  believed  among  unscientific 
men,  probably  because  it  has  only  been 
within  the  last  few  years  that  the  facts 
have  been  brought  into  prominent  notice 
by  experimenters.  For  abundant  confirm- 
ation of  them,  reference  may  be  made  to 
several  papers  by  Prof.  R.  H.  Thurston, 
published  in  the  Transactions  of  the 
American  Society  of  Civil  Engineers,  in 
the  years  1874,  1875  and  1876.  He 
divides  the  metals  into  two  classes. 

1.  "Metals  subject  to  internal  strain 
by  artificial  manipulation,  and  which  may 
exhibit  an  elevation  of  the  elastic  limit  by 
strain,  and  decreased  power  of  resisting 
stress  under  increased  rapidity  of  distor- 
tion.  The  ordinary  irons  of  commerce 
are  typical  of  this  class." 

2.  "Metals  of  an  inelastic  viscous  char- 
acter, not  subject  to  internal  strain,  and 
not  usually  exhibiting  an  elevation  of  the 
elastic  limit  by  strain,  and  which  offer 
increased  resistance  ichen  the  rapidity  of 
distortion  is  increased.  Tin  is  a  typical 
example  of  this  class." 

Among  a  great  number  of  experiments 
by  Prof.  Thurston — in  which  the  writer 
had  the  honor  to  be  associated  as  assist- 


ant— upon  the  influence  of  time  npoD 
resistance,  the  following  may  be  mention 
ed  in  confirmation  of  the  above  state- 
ments. 

1.  Two  pieces  of  ordinary  merchant 
iron,  one  inch  square,  taken  from  the 
same  bar,  were  tested  by  bending  stress. 
They  were  placed  on  supports  twenty 
two  inches  apart,  and  the  pressure  ap- 
plied by  a  screw  and  registered  by  a 
platform  scale.  One  was  tested  as  rapid- 
ly as  possible,  the  pressure  and  deflection 
being  read  and  recorded  at  every  20  or 
40  pounds,  about  one  hour  being  occu- 
pied in  the  whole  test.  A  deflection  of 
5^-  inches  was  caused  by  a  load  of  2350 
pounds.  The  other  was  tested  very 
slowly,  and  was  "rested,"  frequently 
under  strain,  for  intervals  of  from  12  to 
48  hours,  the  whole  test  requiring  more 
than  three  weeks'  time.  A  load  of  2640 
pounds  caused  a  deflection  of  less  than 
three  inches. 

2.  Two  pieces  of  cast  tin,  from  the 
same  bar,  were  tested  by  tensile  stress. 
The  test  of  one  was  made  in  eight  min- 
utes, and  the  highest  resistance  was  3,400 
pounds  per  square  inch.  The  test  of  the 
other  occupied  thirty  minutes,  and  the 
highest  resistance  was  only  2000  pounds 
per  square  inch.  Tests  by  tensile, 
transverse  and  torsional  stress  on 
tin  and  on  zinc,  and  on  the  soft  white  al- 
loys of  tin  and  copper,  invariably  gave 
similar  results. 

In  tests  of  cast  iron,  hard  steel,  and 
brittle  materials  in  general,  the  effect  of 
time  has  not  been  determined,  but  it  is 
supposed  to  be  veiy  slight. 

-Directions  for  Making  Tests. — The 
object  of  a  test  of  a  material  of  construc- 
tion is  to  learn  all  that  should  be  known 
concerning  the  properties  it  possesses 
which  make  it  valuable  for  the  purpose 
for  which  it  is  to  be  used.  No  engineer 
should  be  satisfied  to  use  in  an  important 
structure  iron  of  which  he  knows  only 
the  tensile  strength  and  that  inaccurately. 
He  should  know  its  ductility,  or  amount 
of  extension  before  breaking,  which 
measures  to  some  extent  its  resistance  to 
rupture  by  shock,  and  its  strength  within 
the  elastic  limit,  which  measures  approxi- 
mately its  resistance  to  distortion.  For 
many  purposes  he  should  know  its  coeffi- 
cient of  elasticity,  or  stiffness,  its  uni- 
formity of  strength,  and  its  possession 
of,  or  freedom  from,  internal  strain.     All 
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of  these  may  be  determined  by  a  tensile 
test  properly  conducted,  with  a  correct 
machine,  and  an  accurate  apparatus  for 
measuring  elongations.  A  few  directions 
for  making  such  a  test  may  be  of  service. 

In  the  first  place  the  testing  machine 
itself  shordd  be  tested,  to  determine 
whether  its  weighing  apparatus  is  accu- 
rate, and  whether  it  is  so  made  and  ad- 
justed that  in  the  test  of  a  properly  made 
specimen  the  line  of  strain  of  the  testing 
machine  is  absolutely  in  line  with  the  axis 
of  the  specimen. 

Secondly. — The  specimen  shoidd  be  so 
shaped  that  it  will  not  give  an  incorrect 
record  of  strength.  Under  no  circum- 
stances shordd  the  test  of  a  piece  shaped 
as  was  shown  in  Fig.  1  or  Fig.  3 
("short"  specimen)  alone  be  relied  upon 
to  determine  strength.  The  piece  shoidd 
be  of  uniform  niinimnm  section  for 
several  inches  of  its  length.  The  writer 
recommends  five  inches  in  length  between 
the  extreme  points  between  which  meas- 
urements  of  extension  are  made,  for  the 
standard  size  of  specimen,  as  being  the 
most  convenient  length  for  the  testing 
machines  now  most  in  use,  for  calculation 
of  extension  in  per  cent,  of  length,  and 
for  comparison  of  resrdts  with  those  of 
other  experimenters.  Considerable  con- 
fusion exists  in  published  records  of  the 
per  cent,  of  extension  of  materials  as 
given  by  different  authorities,  because 
they  used  different  lengths  in  testing. 
A  ductile  material  may  extend  30  per 
cent,  of  its  length  if  the  specimen  tested 
is  five  inches  long,  but  if  the  piece  tested 
is  only  1  inch  long  it  might  show  an  ex- 
tension of  100  per  cent.  Prof.  Thurston 
gives  the  following  formula  for  total  ex- 
tension 

Extension =A1  +fd, 

where  I  is  the  length  and  c?the  diameter  of 
the  piece,  A  is  a  constant,  and  f  is  a  varia- 
ble function  of  the  diameter.  The  length 
of  a  specimen,  as  well  as  the  diameter  or 
area  of  cross  section  should  always  be 
given  in  the  record  of  a  test. 

Thirdly. — Regard  must  be  had  to  the 
time  occupied  in  making  tests  of  certain 
materials.  When  wrought  iron  and  soft 
steel  can  be  made  to  show,  a  higher  ap- 
parent strength  by  keeping  them  under 
strain  for  a  great  length  of  time,  it  is 
well  to  test  them  as  rapidly  as  possible  to 
obtain  their  minimum  strength;  and  in 


accepting  resrdts  of  tests  of  these  metals 
from  interested  parties,  it  is  well  to  know 
what  length  of  time  they  have  taken  in 
testing  them.  It  is  fortunate  that  metals 
of  the  tin-class  are  not  used  hi  construc- 
tion to  resist  heavy  stresses.  If  they 
were,  no  test  ought  to  be  considered  "a 
reliable  one  which  did  not  occupy  a  time 
as  long  as  the  material  was  expected  to 
have  "life"  in  actual  service,  for,  as  was 
shown  in  the  case  of  the  test  of  tin,  above 
mentioned,  the  material  might  be  nearly 
twice  as  strong  under  a  rapid  as  under  a 
slow  test.  In  recording  the  tests  of  all 
such  materials  the  time  occupied  in 
making  each  test  should  be  given. 

Fourthly — Accurate  measures  should 
be  made  of  the  extension  under  each  suc- 
cessive increment  of  load  in  order  to 
determine  all  the  properties  of  the  mate- 
rial, other  than  its  mere  absolute  tensile 
strength,  which  make  it  valuable  in  con- 
struction. 

Methods  of  Measuring  Elongation. — 
The  method  of  making  measurements  of 
elongation  will  depend  upon  the  degree 
of  accuracy  which  is  desired.  Measure- 
ments to  yo-q  °f  an  hich  may  be  made  by 
taking  distances  by  a  pair  of  dividers  be- 
tween two  fine  lines  drawn  on  the  speci- 
men, and  reading  this  distance  on  a  fine 
metal  scale.  In  testing  specimens  five 
inches  in  length  between  these  lines,  this 
degree  of  accuracy  will  give  approximately 
the  elastic  limit,  and  the  percentage  of 
stretch  at  different  loads  beyond  the 
elastic  limit,  but  it  will  not  give  the  ex- 
tensions corresponding  to  loads  within 
the  elastic  limit,  which  are  a  measure  of 
the  stiffness,  or  co-efficient  of  elasticity, 
nor  the  position  of  the  elastic  liniit  with 
that  approach  to  preciseness  which  is  de- 
sirable in  competitive  tests  or  in  scientific 
investigations.  Reading  of  extensions  to 
10100  of  an  inch  may  be  made  by  means 
of  two  divided  plates,  clamped  one  on 
each  end  of  the  specimen  and  sliding  on 
each  other,  one  carrying  a  fine  scale  and 
the  other  a  vernier ;  or  by  means  of  a 
micrometer  screw,  with  scale  attached, 
clamped  to  one  end,  the  point  of  the 
screw  abutting  against  a  rod  clamped  to 
the  other  end — practically  a  modification 
of  the  micrometer  calipers. 

For  still  finer  work,  readings  may  be 

made  to  —^  „„„  of  an  inch  with  accuracy, 
by  the  method  first  adopted  at   the  test- 
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ing  laboratory  of  the  Stevens  Institute 
of  Technology,  and  now  used  there  to  the 
exclusion  of  all  other  methods.  Two 
very  fine  micrometer  screws  are  firmly 
clamped  to  one  end  of  the  test  specimen, 
the  ends  of  these  screws  abutting  against 
two  rods  clamped  to  the  other  end.  The 
screws  have  each  fifty  threads  to  the 
inch,  and  the  head  is  divided  into  200 
parts. 


A  sketch  of  this  apparatus  is  shown 
above.  A  clamping  piece,  B,  carries  the 
two  screws  AA,  and  another  clamping 
jfieee  D  carries  the  two  rods  CC.  As  the 
test-specimen  S  is  extended  in  the  test- 
ing machine,  the  points  of  the  screws 
and  rods  recede  from  each  other,  and  the 
distance  each  screw  requires  to  be  moved 
forward  to  make  contact  at  each  addition 
of  load  is  the  amount  of  extension  due  to 
such  addition.    It  is  impossible  to  obtain 

a  reading  of  contact  accurate  to  ^777:7^: 

of  an  inch  by  the  senses  of  sight  or 
touch,  but  it  is  indicated  with  perfect 
accuracy  by  causing  the  touch  of  each 
screw  on  its  opposite  rod  to  close  the 
circuit  of  a  weak  electric  current  and 
thereby  ring  a  small  bell.  For  this  piu'- 
pose  the  upper  part  of  the  rods  CC  re- 
quire to  be  insulated  from  the  rest  of  the 
apparatus.  The  writer  made  some  ex- 
periments to  determine  the  accuracy  of 
the  reading  by  electric  contact,  and  f  ouncl 

that    there    was    no    error   as   large   as 
1 

of  an  inch.     In  taking  a  reading, 


40,000 

the  screw  A  on  the  right  hand  is  slowly 

turned  till  the  bell  rings,  which  indicates 


that  contact  has  taken  place.  The  read- 
ing on  the  divided  head  is  then  recorded ; 
contact  is  broken  with  the  right  hand 
screw  and  made  in  like  manner  •with  the 
left  hand  screw.  The  difference  between 
the  mean  of  the  two  readings  and  the 
mean  of  two  previous  readings  is  the 
amount  of  change  of  length  of  the  speci- 
men. Two  screws  are  necessary  to  elimi- 
nate the  error  which  would  occur  if 
through  any  cause  the  piece  bends  during 
the  pulling.  In  ordinary  tests,  there  is, 
perhaps,  not  one  test  in  a  thousand  in 
which  the  piece  will  not  bend  to  some 
extent,  and  the  bending  will  be  plainly 
indicated  by  this  instrument,  although 
it  would  remain  undiscovered  without  it. 
It  is  frequently  objected  that  measur- 
ing extensions  of  test  pieces  to  of 

an  inch  is  an  unnecessary  refinement ; 
but  by  such  measurements  only  is  it  pos- 
sible to  obtain  the  coefficient  of  elasticity 
or  the  elastic  limit  on  specimens  only  five 
inches  in  length  of  portion  stretched,  and 
in  many  practical  cases,  as  in  bridge 
building,  a  knowledge  of  these  is  desir- 
able. By  the  method  of  measurement 
above  described,  results  have  been  ob- 
tained from  five  inch  specimens  of  cast 
iron  which  are  fully  as  accurate  as  those 
obtained  by  Hodgkinson  on  rods  ten 
feet  long,  and  with  very  much  less 
trouble  and  expense.  The  following  is 
the  record  of  a  test  recently  made  by  the 
writer,  of  a  piece  of  cast  iron,  turned  1^- 
inches  in  diameter  and  five  inches  in 
length  between  fillets. 

{See  Table  on  page  49.) 

It  will  be  seen  that  the  greatest  differ- 
ence between  the  readings  indicated  by 
the  screw  on  the  right  hand  and  those  on 
the  left,  is  only  0.0026  inches.  As  these 
screws  were  over  six  inches  apart,  the 
amount  of  bending  of  the  specimen  to 
cause  this  difference  must  have  been 
almost  infinitesimal.  The  accuracy  of 
the  test  is  further  shown  by  the  great 
regularity  of  the  increase  of  the  mean 
elongation  and  of  the  decrease  of  the 
coefficient  of  elasticity.  The  total  error 
of  any  figure  in  the  column  of  mean 
extension  is  not  greater  than  0.0002 
inch. 

Graphie  Representation  of  Results. — 
The  plate  on  the  opposite  page  is  a 
graphic  representation  of  the  results  of 
tests  of  specimens  of  cast  iron,  wrought 
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iron   and    steel.     The   curves,  or   strain  ,  represented  in  the  plate  is  the  same  as. 


diagrams  are  made  by  "plotting"  the 
figures  of  stress  and  elongation  recorded 
during  the  test.     The  test  of   cast  iron 


that  recorded  in  the  table  above.  Each 
curve  is  a  complete  record  of  all  the 
properties  of  the  material  which  can  be 
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EXTENSION    IN    FIVE    INCHES. 


Load. 


lbs.  pei 

sq.  in. 

500 

1,000 

1,400 

2,000 

2,500 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14,000 

15,000 

16,000 

17,000 

18,000 

19,000 

20,000 

21,000 

22,000 

23,000 

23,285 


Right 
hand. 


inch. 

0.0007 
0.0010 
0.0012 
0.0014 
0.0015 
0.0017 
0.0026 
0.0024 
0.0027 
0.0032 
0.0035 
0.0039 
0.0044 
0.0050 
0.0053 
0.0057 
0.0066 
0.0074 
0.0083 
0.0090 
0.0097 
0.0108 
0.0120 
0.0134 
0.0152 
0.0171 
broke. 


Left 
hand. 


inch. 

-0.0005 
-0.0006 
-0.0005 
-0.0003 
0.0000 
0.0003 
0.0000 
0.0011 
0.0016 
0.0019 
0.0028 
0.0034 
0.0038 
0.0044 
0.0055 
0.0061 
0.0066 
0.0076 
0.0086 
0.0093 
0.01u4 
0  0116 
0.0130 
0.0145 
0.0168 
0.0197 


Mean. 


inch. 

0.0001 
0.0002 
0.0003 
0.0006 
0.0008 
0.0010 
0.0013 
0.0018 
0.0022 
0.0026 
0.0032 
0.0037 
0.0041 
0.0047 
0.0054 
0.0059 
0.0066 
0.0075 
0.0085 
0.0092 
0.0101 
0.0112 
0.0125 
0.0140 
0.0160 
0.0184 


Co-efficient 
of  elasticity 


25,000,000 

25,000,000 

23,333,333 

16,666,667 

15,625,000 

15,000,000 

15,384,615 

13,888,889 

13,636,364 

13,076,923 

12,500,000 

12,162,162 

12,195,119 

11,702,128 

11,250,000 

11,016,949 

10,606,061 

10,000,000 

9,411,706 

9,239,130 

8,910,891 

8,482,143 

8,000,000 

7,500,000 

6,875,000 

6,140,218 


determined  by  test.  The  ordinates,  or 
perpendicular  distances  of  any  point  of 
each  curve  from  the  base  line,  represents 
the  applied  stress  per  square  inch;  and 
the  abscissa,  or  horizontal  distance  from 
the  line  00/  represents  the  correspond- 
ing extension.  That  point  of  each  curve 
at  which  it  first  bends  towards  the  right 
hand  indicates  the  elastic  limit.  The  in- 
clination of  the  initial  portion  of  the 
curve  to  the  vertical,  OO',  measures  the 
stiffness  within  the  elastic  limit,  or  co-effi- 
cient of  elasticity.  .  This  method  of  repre- 
senting results  is  now  used  by  all  scien- 
tific experimenters  on  strength  of  ma- 
terials. 

Elastic  Limit  and  Coefficient  of  Elas- 
ticity.— These  terms  may  here  be  de- 
fined. The  elastic  limit  is  that  point  at 
which  the  extensions  cease  to  be  propor- 
tional to  the  stresses,  and  begin  to  increase 
in  a  greater  ratio  than  the  extensions. 
In  the  diagrams,  as  stated  above,  it  is 
the  point  at  which  the  diagrams  begin  to 
curve  away  from  the  initial  straight  line. 
It  will  he  seen  from  the  diagrams  that 
wrought  iron  and  steel  give  a  well  defined 
elastic  limit,  while  there  is  no  elastic 
Vol.   XX— No.  1—4 


limit  shown  hi  the  cast  iron  test,  the 
elongations  varying  hi  a  more  rapidly 
ratio  than  the  stresses,  from  the  begin- 
ning of  the  test.  The  elastic  limit  is 
sometimes  defined  as  the  point  at  which 
the  first  "permanent  set"  takes  place; 
the  permanent  set  being  the  extension 
which  remains  after  the  load  causing  the 
extension  has  been  removed.  Within  the 
elastic  limit,  according  to  this  definition, 
a  material  that  is  extended  by  a  load  will, 
when  the  load  is  removed,  return  entirely 
to  its  original  length;  and  beyond  this 
limit  it  will  only  partly  return,  the 
amoimt  of  permanent  increase  of  length 
being  the  set.  This  definition  is  not 
now  considered,  by  the  best  authorities, 
as  good  as  the  first,  as  it  is  found  that 
with  some  materials  a  set  occurs .  with 
any  load,  no  matter  how  small,  and  that 
with  others  a  set  which  might  be  called 
permanent  vanishes  with  lapse  of  time, 
and  as  it  is  impossible  to  get  the  point  of 
first  set  without  removing  the  whole  load 
after  each  increase  of  load,  which  is  fre- 
quently inconvenient.  The  elastic  limit 
defined,  however,  as  the  point  at  which 
the  extensions  begin  to  increase  at  a 
higher  ratio  than  the  applied  stresses, 
usually  corresponds  very  nearly  with  the 
point  of  first  measurable  permanent  set. 

The  co-efficient  (or  modulus)  of  elas- 
ticity is  a  term  expressing  the  relation 
between  the  amount  of  extension  or 
compression  of  a  material  and  the  load 
producing  that  extension  or  compression. 

It  may  be  defined  as  the  load  per  unit 
of  section  divided  by  the  extension  per 
unit  of  length;  or,  the  reciprocal  of  the 
fraction  expressing  the  elongation  in  one 
inch  of  length,  divided  by  the  pounds  per 
square  inch  of  section  producing  that 
elongation. 

Let  P  be  the  applied  load,  K  the 
sectional  area  of  the  piece,  L  the  length 
of  the  part  extended,  I  the  amount  of  the 
extension,  and  E  the  coefficient  of  elas- 
ticity.    Then 


K 


:the  load  on  a  unit  of  section. 


-=the  elongation  of  a  unit  of  length. 


E=^--kI  = 


PL 
EI' 


The  coefficient  of  elasticity  is  sometimes 
defined  as  the  figure  expressing  the  load 
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which  would  be  necessary  to  elongate  a 
piece  of  one  square  inch  section  to  double 
its  original  length,  provided  the  piece 
would  not  break,  and  the  ratio  of  exten- 
sion to  the  force  producing  it  remained 
constant.  This  definition  follows  from 
the  formula  above  given,  thus:  If  K  = 
one  square  inch,  L  and  I  each  =  one  inch, 
then  E  =  P. 

In  the  diagrams  the  coefficient  of  elas- 
ticity within  the  elastic  limit,  is  indicated 
by  the  inclination  of  the  initial  portions 
of  the  diagram  from  the  vertical,  the  dia- 
gram whose  initial  portion  deviates  least 
from  the  vertical  having  the  highest  co- 
efficient. 

Strength  Per  Square  Inch  of  Frac- 
tured Section. — The  strength  per  square 
inch^of  fractured  section,  as  determined 
by  dividing  the  recorded  breaking  weight 
by  the  area  measured  after  fracture,  is 
stated  by  some  writers  to  be  a  correct 
measure  of  the  valuable  properties  of  a 
material ;  thus  of  two  samples  of  iron 
which  show  the  same  strength  per 
square  inch  of  original  section,  the  one 
which  shows  the  greater  strength  per 
square  inch  of  fractured  section  is  the 
more  valuable.  In  many  cases  an  iron 
which  has  a  very  high  tensile  strength 
per  square  inch  of  original  section  is  an 
unsafe  iron  to  use  in  construction,  and 
one  which  has  a  much  lower  strength  is 
safer,  if  the  latter  nave  the  higher 
strength  per  square  inch  of  fractured 
section.  Kirkaldy  states  that  for  com- 
paring the  qualities  of  iron  the  breaking 
weight  per  square  inch  of  the  fractured 
area  should  be  taken,  and  not  the  break- 
ing weight  per  square  inch  of  original 
section. 

This  method  of  comparing  the  quali- 
ties of  materials,  however,  is  not  as  good 
as  that  of  comparing  the  strength  per 
square  inch  of  original  section  together 
with  the  extension  before  breaking,  and 
with  the  uniformity  of  extension  or  of  re- 
duction of  area  in  different  portions  of 
the  length  of  the  specimens,  for  several 
reasons : 

1.  The  breaking  strain  per  square 
inch  of  fractured  area  in  ductile  materials 
is  frequently  uncertain,  as  the  piece  may 
diminish  in  section  very  rapidly  in  the 
last  few  seconds  before  final  rupture,  and 
during  those  few  seconds  its  resistance 
decreases  rapidly,  but  apparently  gradu- 
ally,  from  the  maximum  recorded  resist- 


ance of  the  specimen  to  perhaps  less 
than  half  of  the  maximum.  The  writer 
has  frequently  found  that  the  resistance 
of  a  piece  recorded  an  instant  before 
rupture  was  much  less  than  half  the  re- 
corded maximum  resistance,  and  so 
rapidly  did  this  resistance  decrease  that 
its  final  amount  could  not  be  measured. 
In  such  cases  it  was  impossible  to  state 
what  really  was  the  resistance  per  square 
inch  of  fractured  section.  Commander 
L.  A.  Beardslee,  U.  S.  N.,  in  his  tests  at 
the  Washington  Navy  Yard  has  found 
similar  results. 

2.  In  ductile  materials  the  fracture  is- 
frequently  so  much  distorted  that  its 
area  cannot  be.  ascertained  with  any  ap- 
proach to  accuracy. 

3.  Of  two  metals  of  the  same  class  the 
one  which  has  the  greater  tensile  strength 
per  sqare  inch  of  fractured  section  may 
not  be  the  better  metal.  For  instance, 
of  two  pieces  of  a  certain  class  of  metal, 
say,  soft  steel,  iron,  or  brass,  of  one 
square  inch  original  section,  suppose 
one  has  a  breaking  weight  of  60,000 
pounds,  and  the  other  of  50,000  pounds. 
The  first  elongates  20  per  cent,  and  its 
fractured  area  is  |  of  a  square  inch. 
The  second  elongates  30  per  cent.,  and 
has  a  fractured  area  of  ^  square  inch. 
The  first  would  have  a  strength  per 
square  inch  of  fractured  section  of  80,000 
pounds,  and  the  second  of  100,000 
pounds,  yet  it  is  easily  seen  that  the  first 
is  the  better  metal.  It  is  also  seen  by 
this  exanrple  that  the  product  of  tensile 
strength  per  square  inch  of  original 
section,  multiplied  by  the  extension,  is 
not  necessarily  a  measure  of  quality ;  for 
in  the  first  case  the  product  is  1,200,000 
and  in  the  second  1,500,000;  yet  the 
first  may  be  superior,  since  any  elonga- 
tion greater  than  20  per  cent,  is  generally 
valueless. 

4.  In  tests  of  metals,  or  of  any  ma- 
terials, having  no  greater  ductility  than 
cast  iron,  the  reduction  of  section  is  too 
small  to  be  conveniently  measured, 
while  it  is  quite  easy  to  measure  its 
elongation.  The  ductility  of  such  ma- 
terials therefore  cannot  be  compared  by 
measuring  their  fractured  area,  while  it 
can  be  compared  by  measuring  their 
elongation  with  proper  apparatus. 

True  Method  of  Comparing  Qualities 
of  Materials. — The  only  convenient  me- 
thod of  comparing  with  accuracy  all  the 
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qualities  of  materials,  so  far  as  these 
qualities  can  be  learned  from  tensile 
tests,  is  that  of  plotting  the  results  of 
the  tests  and  comparing  the  "strain  dia- 
grams," or  the  graphic  method  as  above 
described.     Such  a  comparison  may  best 


be  illustrated  by  the  two  ideal  strain  dia- 
grams in  the  cut  below.  The  dots  repre 
sent  the  observations  made  in  each  test. 
The  specimens  are  supposed  to  be  of  the 
same  shape  and  size  and  to  be  tested  in 
exactly  the  same  manner. 


.    i 

^^H3 

ay 

1  {"c 

A^-^' 

0 

!\a 

fa 

1  Tensile  strength    per   square 

inch  of  original  section. . . .  60,000 

2  Tensile  strength    per    square 

inch  of  fractured  section. .  90,000 

3  Elongation,  per  cent 25 

4  Elastic  limit,  lbs.  per  sq.  inch.  22,000 


The  following  record  of  the  two  sjjeci- 
mens  here  represented  might  be  given  by 
the  operator  of  the  testing  machine : 

A  B 

54,000 

80,000 

24 

30,000 

In  a  rough  test  items  1,  2  and  3  only 
would  be  given  (by  some  item  1  only) 
and  from  these  items  any  one  would 
suppose  that  A  was  much  the  better  ma- 
terial. Item  4,  if  given,  might  correct 
this  opinion,  but  it  might  only  lead  to 
doubt  as  to  the  accuracy  of  the  test. 

An  inspection  of  the  curves,  however, 
shows  that  B  is  a  much  better  material 
than  A.  1.  In  B  the  initial  part  of  the 
diagram  is  a  straight  line  to  a,  showing 
perfect  homogeneity  and  freedom  from 
internal  strain ;  in  A  the  initial  line  has 
a  bend  at  b  showing  either  want  of 
homogeneity  or  the  presence  of  internal 
strain.  (This  may,  however,  indicate 
only  an  inaccuracy  in  the  record  of  the 
first  part  of  the  test.)  2.  The  inclination 
of  the  initial  portion  of  B  is  much  less 
than  that  of  A,  showing  a  higher  coeffi- 
cient of  elasticity,  usually  a  valuable 
property  in  constructive  material.  3.  The 
elastic  limit  of  B  is  much  higher  than 
that  of  A.  4.  The  area  of  the  triangle 
Oad,  representing  the  amomit  of  work 
done  in  extending  the  piece  B  within  the 


elastic  limit,  or  its  "  elastic  resilience," 
is  much  greater  than  that  of  the  corre- 
sponding triangle  Ocd  of  the  piece  A. 
The  piece  B,  therefore,  would  be  capable 
of  enduring  a  much  greater  shock  with- 
out permanent  distortion  than  the  piece 
A.  5.  The  total  area  included  between 
the  diagram  of  B  and  the  base  line 
OaJBBf  is  greater  than  the  corre- 
sponding area  OcAAg  of  the  piece  A, 
showing  that  B  has  the  greater  total 
resilience,  or  requires  a  greater  amount 
of  work  to  be  done  on  it  to  produce 
rupture.  Here,  then,  are  five  independ- 
ent points  of  superiority  of  the  piece 
B  over  the  piece  A,  while  the  bare  record 
of  items  1,  2,  and  3,  given  above,  would 
indicate  the  reverse. 

The  graphic  method  of  recording  re- 
sults is  now  adopted  by  all  scientific 
experimenters.  The  simplicity  and  ac- 
curacy of  the  method  should  commend 
its  use  also  in  ordinary  tests  for  commer- 
cial purposes. 


With  a  view  to  encourage  improve- 
ments in  agriculture  in  France  it  is  an- 
nounced that  during  the  year  1879,  one 
gold  medal  of  1,0001" ,  one  silver  ditto  of 
700f.,  two  ditto  of  6001".,  two  ditto  of 
500f.,  and  one  of  3001,  will  be  awarded 
to  such  landowners  or  fanners  in  the 
Hautes  or  Basses  Alpes  as  shall  have 
utilized  in  the  most  intelligent  manner 
the  waters  of  the  irrigatinsr  canals. 
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A  PRACTICAL  THEORY  OF  VOUSSOIR  ARCHES.     PART  II. 

By  WM.  CAIN,  C.E.,  Carolina  Military  Institute,  Charlotte,  N.  C. 
Contributed  to  Van  Nostrand's  Magazine. 


1.  The  following  is  a  continuation  of  a 
paper  entitled  "A  Practical  Theory  of 
Voussoir  Arches."  which  appeared  in  this 
Magazine  for  October  and  November, 
1874,  and  afterwards  reprinted  as  No. 
12  of  Van  JSTostrand  s  Science  Series. 
In  that  treatise,  the  principles  affecting 
the  stability  of  arches,  upon  the  hypo- 
thesis of  incompressible  voussoirs,  were 
exposed  and  applied  to  the  investigation 
of  numerous  experiments  upon  wooden 
arches,  at  the  limit  of  stability,  with 
which  they  were  found  to  agree.  A 
segmental  stone  viaduct  was  likewise 
examined  ;  the  theory  for  incompressible 
voussoirs  being  modified  empirically  for 
the  elastic  materials  used  in  construction. 
It  was  mentioned  in  the  former  treatise, 
that  we  shall  hereafter  designate  as 
Part  I.,  that  if  the  effects  of  the  elasticity,  ' 
causing  the  deformation  of  the  com- 
pressible arch  were  known,  that  the  in- 
vestigation of  its  stability  for  a  statical  i 
load  could  be  effected. 

The  attempt  is  made,  in  what  follows,  : 
to  throw  some  light  upon  this  effect  of ! 
the  compressibility  of  the  voussoirs  ;  and  , 
the  enrpiricisru,  before  mentioned,  will  [ 
be  criticized  in  the  light  of  the  deduc- 
tions, as  well  as  from  a  further  considera- 
tion of  the  experiments  themselves. 

Afterwards,  the  precise  part  played  by 
the  spandrels  will  be  pointed  out  and 
certain  theories  concerning  them  dis-  j 
cussed.  The  subject  of  the  theory  of 
arches  will  then  be  extended  to  under- 
ground arches,  groined  and  cloistered 
arches,  and  domes;  and  practical  exam- 
ples will  be  given,  worked  out  in  detail, 
to  illustrate  the  investigation — as  far  as 
it  can  be  made — of  the  stability  and ! 
strength  of  such  structures. 

EFFECT      OF      THE      ELASTICITY     OF     THE     MA- 
TERIALS. 

2.  ~We  shall  introduce  the  present  sub- 
ject with  some  comments  on  the  fourth 
experiment  given  in  Part  I.  Pig.  1  rep- 
resents one-half  of  a  wooden  gothic  arch 
and  pier  of  fourteen  inches  span;  the 
depth  of  voussoirs  being  two  inches,  the 


horizontal  width  of  pier,  1.9 ;  its  height, 
ten ;  and  the  uniform  thickness  of  arch 
and  pier,  3.65  inches.  The  contour 
curves  of  each  half  arch  are  described 
from  the  opposite  springing  points.  The 
voussoirs  were  constructed  of  equal 
weight,  the  pier  weighing  2.3  voussoirs. 
The  inner  edge  of  top  of  pier  coincides 
with  the  intrados  at  the  springing.  With 
no  weight  on  the  crown  the  arch  and 
pier  stood,  but  fell  with  a  slight  jarring, 
such  as  a  person  walking  across  the 
room.  Now,  as  the  crown  joint  and 
joint  5  opened  on  the  intradosal,  and 
joint  3  on  the  extradosal  side,  even  when 
the  arch  stood ;  the  voussoirs  bearing  at 
the  very  edges  opposite  the  opening;  it 
is  evident  that  the  arch,  at  the  moment 
of  rupture,  was  shghtly  deformed;  i.  e., 
did  not  have  exactly  the  figure  above. 

If  that  deformation  had  been  noted 
and  the  figure  drawn  to  correspond,  then 
the  resultants  of  the  pressures  on  joints 

1,  3  and  5  would  have  passed  almost 
through  the  very  edges ;  but  assiuning 
that  the  arch  at  the  instant  before  rupt- 
ure had  the  figure  above,  we  find,  if  the 
horizontal  thrust  Q  at  the  crown  acts 
0".l  below  the  summit,  that  with  the 
value  of  Q  as  given,  the  resultant  press- 
ure at  joint  3  passes  O'M  from  the  in- 
trados, and  at  joint  5,  0".2  from  the  ex- 
trados. 

To  pass  a  curve  of  pressure  through 
the  points  noted  on  joints  0  and  3,  lay 
off  on  the  direction  of  Q  prolonged,  the 
distances  cl,  c2, . . .  to  the  verticals 
through  the  centres  of  gravity  of  the 
loads  from  the  crown  resting  on  joints  1, 

2,  .  .  .  respectively.  In  this  case,  as  de- 
tailed in  Part  I.,  the  distances  cl,  c2,  .  .  . 
are  respectively  1.7,  3.19,  4.39,  5.26  and 
6.24  inches ;  the  weights  resting  on 
joints  1,  2,  3,  4  and  5  being  respectively, 
1,  2,  3,  4  and.  6.3  voussoirs. 

These  weights  are  laid  off  in  order  on 
the  force  line  05  on  the  light,  and  a  line 
drawn  from  3  parallel  to  the  line  33  in 
the  figure  of  the  arch,  cutting  off,  Q=0.63 
voussoirs   by  scale.     .Then   if  from   the 
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points  1,  2,  3  ...  on  Q  prolonged,  we 
draw  lines  parallel  to  the  oblique  lines 
through  1,  2,  3,  .  .  .  of  the  force  diagram, 
to  the  corresponding  joints,  we  find  the 
centres  of  pressure  on  the  joints,  the 
broken  line  connecting  which  is  called 
the  line  of  pressures.  The  magnitude 
and  direction  of  the  resultants  are  given 
by  the  oblique  lines  of  the  force  diagram. 
3.  Now,  if  the  material  of  which  the 
arch  is  composed  was  absolutely  incom- 
pressible, i.  e.,  able  to  sustain  any  finite 
effort  on  a  mathematical  line,  then  the 
centers  of  pressure  at  joints  0  and  3 
would  have  passed  through  the  very 
edges,  and  the  arch  would  have  balanced 
on  a  higher  pier.  We  propose  to  show 
that  this  deformation  of  the  arch  was 
due  entirely  to  the  compressibility  of  the 
material.  Again,  it  is  a  most  important 
problem  to  ascertain  the  distribution  of 
the  molecular  stresses  on  any  joint,  hav- 
ing given  their  resultant  there  in  posi- 
tion, direction  and  magnitude.  This 
latter  subject  is  not  restricted  in  its  ap- 
plications to  arches  alone,  but  applies  to 
any  plane  joint  or  supposed  section  in  a 
solid  on  which  the  resultant  of  all  the 
external  forces  acting  on  the  structure 
can  be  found;  as  on  any  joint  of  a  chim- 
ney, retaining  wall,  abutment,  arch,  etc. 


5    4   3      2      1 


-Q 

Q 


Kef  erring  to  'Fig.  1,  we  see  that  the 
resultants  on  the  joints  are  not  generally 
perpendicular  to  them :  resolve  them  into 
components  I.  and  IT.  to  the  joints  to 
which  they  correspond.  The  latter,  or 
"  shearing  force,"  is  resisted  by  the  fric- 


tion of  the  joint,  resisting  sliding,  it  is 
only  the  former  component  that  we  shall 
consider. 

4.  Conceive  a  slice  DDA,  Figs.  2  and 
3,  of  width  unity ;  the  cross -section  BD, 
perpendicular  to  the  plane  of  the  paper, 
being  a  rectangle. 

Also  suppose  the  resultant  B  of  all 
outward  forces  on  the  cross-section  BD, 
to  lie  in  a  plane  parallel  to  the  paper, 
through  the  center  of  the  slice  and  per- 
pendicular to  the  supposed  cross-section. 
Let  us  suppose  first  that  the  cross-section 
can  develop  both  tensile  and  compressive 
resistances  as  in  a  solid  beam,  and  that 
R  passes  through  «,  without  the  cross- 
section. 

If   at   some    point,   A  in   the   medial 


Fig.  2 


plane,  we  conceive  two  opposed  forces 
+  R,  — R,  parallel  and  equal  to  R;  the 
force  R  with  the  force— R  forms  a  right- 
handed  couple  RR,  that  can  be  replaced 
by  the  equal  couple  pp  or  the  forces, 
t,  t'  .  .  .  .  c',  c,  equal  and  opposed  to  the 
uniformly  increasing  tensile  resistances 
from  E  to  B  and  the  compressive  resist- 
ances from  E  to  D,  E  lying  in  the  center 
of  gravity  of  the  cross-section. 

5.  In  Fig.  3  A  lies  anywhere,  in  the 
medial  plane,  within  the  cross-section '(a 
further  limit  will  presently  be  indicated) ; 
in  Fig.  2,  A  lies  in  the  center  of  gravity 
of  the  cross-section,  so  that  +R  passes 
through  E. 


Wfect       B 


Fie,  3 


The  force   +  R  at  A.  Fig.  2.  is  decora- 
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posed  into  forces,  r,  r  .  .  .  .,  supposed 
uniformly  distributed.  In  Fig.  3,  -f  R  at 
A  is  supposed  decomposed  into  r' ,  .  .  .  ., 
r",  straight  lines,  limiting  the  arrows  rep- 
resenting the  forces. 

Since  the  final  "  effect"  is  to  give  forces 
t— r,'  .  .  .  .  ,  e  +  r,"  (Fig.  3)  limited  by 
straight  lines,  the  result  must  be  the 
same  as  in  Fig.  2,  since  the  forces  t—r, 
.  .  .  c  +  r,  as  limited  by  straight  lines,  can 
have  but  one  disposition  in  order  that  R 
at  a  may  be  their  resultant. 

This  would  not  be  so,  if  some  curved 
hue  limited  the  ordinates  r,'  .  .  .  .  r"\ 
which  decomposition  is  thus  incorrect  if 
we  assume,  as  is  usual  in  the  flexure  of 
beams,  that  the  forces  exerted  by  the 
fibres  and  their  consequent  compressions 
or  extensions,  within  the  limits  of  elas- 
ticity, are  directly  as  their  distance  from 
the  neutral  axis,  or  point  of  no  strain, 
shown  in  the  "effect"  diagram  of  both 
figures. 

6.  Pkop. — If  the  joint  BD  is  a  plane 
joint;  i.e.,  can  offer  compressive,  but  no 
tensile  resistances,  then  if  R  falls  inside 
of  the  joint,  anywhere  between  A  and  F 
Fig.  2,  it  is  decomposed  into  compressive 
forces  only,  which  decrease  regxdarly  from 
the  edge  J),  nearest  R,  towards  the  bther 
edge,  and  thus,  are  proportional  to  the 
ordinates  of  a  trapezoid  or  triangle. 

This  is  easily  j)roved,  if  we  assume, 
that  when  one  edge  of  a  plane  joint  is 
more  compressed  than  the  other,  the 
actual  shortening  of  the  fibres  and  hence, 
(within  the  limits  of  elasticity)  the  forces 
acting  on  them,  must  be  directly  as  their 
distance  from  the  neutral  axis. 

There  are  only  three  suppositions: 

1st.  Suppose  an  equal  shortening  of 
the  fibres  on  the  whole  joint.  The 
stresses  per  square  unit  are  thus  the 
same  throughout  the  whole  extent  of  the 
joint;  but  then  R,  lying  on  one  side  of 
the  center,  cannot  be  their  resultant. 
One  edge  then  must  be  compressed  more 
than  the  other. 

2d.  But  the  actual  shortening  of  the 
fibres  cannot  be  greatest  at  the  edge 
farthest  from  R,  for  then,  by  hypothesis 
the  stresses  must  regularly  increase  in 
going  towards  the  edge  farthest  from  R  ; 
but  then  R  cannot  be  their  resultant. 
This  second  supposition  is  then  false. 

3d.  These  two  suppositions  proving 
incorrect,  the  third  as  stated  in  the 
proposition  is  correct. 


R  can  be,  and  is,  the  resultant  of  the 
forces  distributed  according  to  the  law 
of  the  trapezoid;  the  most  compressed 
edge  lying  nearest  R. 

7.  When  R  lies  so  near  the  edge,  that 
the  limit  of  elasticity  is  passed  in  the 
case  of  some  of  the  fibers,  then  although 
it  looks  probable  that  the  actual  shorten 
ing  of  the  fibers  is  directly  as  their  dis- 
tance from  the  neutral  axis,  yet  the 
corresjDonding  resistances  are  no  longer 
proportional  to  the  compressions,  for 
those  fibers  whose  limit  of  elasticity  is 
passed;  hence  R  is  no  longer  decomposed 
according  to  the  ordinates  of  a  trapezoid, 
except  on  a  jDortion  of  the  joint,  the 
resistances  being  less  than  by  this  law  as 
we  approach  the  most  compressed  edge, 
for  the  balance  of  the  joint. 

8.  Poncelet  asserts  that  the  "law  of  the 
decomposition  of  molecular  forces  at  the  exteri- 
or surface  of  a  solid  body  "  has  not  been  solved 
hitherto.  If  we  restrain  ourselves  to  practical 
cases,  such  as  that  of  one  arch  stone  pressing 
upon  another,  or  any  single  block  pressing 
upon  another  block  throughout  its  whole  ex- 
tent, the  above  is  a  solution;  for  in  practice  we 
should  not  allow  the  resultant  to  approach  so 
near  the  edge  that  the  limit  of  elasticity  of  any 
of  the  fibers  is  passed ;  and  within  this  limit 
the  solution  is  founded  upon  the  same  hypothe- 
sis as  that  used  in  discussing  the  laws  of  flex- 
ure. 

It  would  seem  as  useless  as  impracticable  to 
solve  a  problem,  such  as  presented  by  Poncelet, 
of  finding,  the  distribution  of  the  pressure  due 
to  a  heavy  elastic  prism,  resting  on  a  non-de- 
formable  horizontal  plane  ;  or  as  suggested  by 
another  author,  of  considering  the  stresses 
caused  by  an  isolated  weight  resting  on  a  com- 
mon pedestal,  &c,  &c. 

9.  "Where  one  block  rests  upon  more 
than  '  one,  the  decomposition  becomes 
indeterminate.  Thus,  suppose  at  the 
foundation  course  of  a  pier,  abutment, 
retaining  wall,  &c,  the  resultant  passed 
outside  of  the  middle  third.  We  shall 
see  presently,  that  if  the  coiu'se  resting 
on  the  foundation  is  of  one  block,  then 
the  joint  will  open  at  the  edge  farthest 
from  the  resultant. 

Where  the  stones  are  not  cemented 
together  firmly,  it  is  doubtful  if  the 
resultant  is  decomposed  according  to  the 
law  of  the  trapezoid,  where  the  courses 
are  formed  of  many  stones.  The  middle 
third  is  recommended  as  a  good  practical 
limit  however.  Still  it  must  not  be 
thought  that  it  is  a  cure  for  all  evils. 
Whenever  the  resultant  on  any  course 
does  not  coincide  with  the  center  of  fig- 
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tire,  there  will  be  settling  on  the  side 
towards  it;  so  that  no  pier  etc.,  can  be 
regarded  as  non-deformable ;  and  the 
amount  of  this  yielding  to  allow  is  simply 
a  practical  question;  a  slight  opening  of 
the  joints,  if  not  seen,  being  of  itself  of 
no  matter,  unless  the  pressures  are  there- 
by increased  too  much  for  safety,  or 
water  is  permitted  to  enter,  or  some 
practical  objection,  other  than  want  of 
required  stability,  is  experienced. 

10.  Eefering  again  to  Fig.  2,  and  call- 
ing f  the  strain  t  or  c,  we  know  from  the 
theory  of  flexure  that 

Moment  of  B  at  a,  about  A=B(^+|-A) 
"whence, 


(1) 


E 


The  uniform  compression  r= -7- 


,:(t-r)=^(6d+2h), >       (2) 


h 


E 


=    -(M+±h) 


(3) 


k 


hence   3/=  —  , where   k 


KH=height    of 
trapezoid  or  triangle. 
Placing 
A^=L,  KK=h=S  I1V=3(^-L)    .  (4) 


11.  Supposing  tensile  resistances  at 
•the  joint,  these  formulas  give  correct 
results  for  the  solid  beam ;  and  likewise 
for  a  plane  joint,  when  E  is  so  near  A, 
that  t—r,  t'—r,  .  .  .  ,  may  all  act  as  com- 
pressive forces;  since,  by  this  decompo- 
sition, the  law  of  the  trapezoid  previously 
established,  art.  6,  holds  ;  "E  being  the 
resultant  of  the  regularly  increasing 
stresses. 

12.  Now  let  t  — r=Q.  From  eq.  2, 
d——\h  or  ak.-=\h.  As  long  as  ak.  is 
less  than  ^h,  there  are  only  compressive 
resistances  on  the  joint;  but  if  the 
resultant  leaves  "the  middle  third"  of 
the  joint  BD,  then  (t—r)  is  positive  and 
we  assume  tensile  resistances  at  B  to 
oppose  the  forces. 

13.  But  suppose  the  joint  BD  can 
offer  no  tensile  resistances,  then  it  is 
wrong  to  decompose  E  as  before,  if  by 
another  method  of  decomposition  stabil- 
ity is  assumed.  Many  writers  seemed  to 
have  overlooked  the  method  of  decompo- 
sition proved  in  art.  6. 

Thus,  E  at  a,  Fig.  4,  is  the  resultant  in 
position  on  the  joint  BD.  We  may  de- 
compose E  according  to  the  ordinates  of 
a  triangle  as  at  (m),  if  we  assume  the  law 
of  the  trapezoid  as  before,  r'  is  now  0, 


B  P 

F 

g-4 

1 
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7 

, 

G 

1 

R 

< 
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P   D 
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14.  Let  us  now  compare  this  result  with  the 
case  shown  at  (ri),  where  the  beam  is  supposed  to 
supply  tensile  resistances  along  BG.  Call  the 
resistances  per  square  unit  at  B  and  D,  p  and  p' 
respectively;  i.e.,  p=t—r  and  p'—c-hr. 

From  similar  triangles,  calling  D6=«, 


p'  :  x  :  :  p  :  h—x 


p'  h 

-p-X-p1 


Now,  replacing  (d-\-^h)  in  eq.  (1)  by  L ;  de- 
ducing p  and  p'  as  in  (2)  and  (3),  and  substitut- 
ing, we  have, 

R/6L      \ 
t(t+1,T_^_    h 


x=T>G- 


6L 

;  h 


Now  from  eqs.  (4)  and  (5) 


For  L=iA, 

A*, 


HK=  h, 

k 
0, 


_12L+ 


DG=  h, 
IK 

P, 


(5) 


That  is  HC<DG-,  when  L  lies  between  ±h  to 
\h  ;  or  the  point'  of  no  strain  in  the  beam  lies 
nearer  the  edge  DH,  where  the  joint  can  oppose 
no  tensile  resistances  than  when  we  suppose 
them  exerted. 

15.  Let  us  now  compare  the  strains  £>  and  r". 
Representing  R  by  the  area  of  the  triangle 
whose  base  is  KH  and  altitude  ?•",  we  have, 


R=^1/-3K' 

2  ~    2 

.    ,„o  R 


(6) 


Again  moment  of  R  at  a  about    A=R(M  —  y), 
&c.     See  art.  10.     Hence, 


R 


(?) 


Thus  for  any  values  of   y  between  0  and  tyi 
(see  table)  we  find  that,  r">p',  always  : 
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There  is  therefore  greater  compression  at 
edge  DH  when  the  real  forces  are  as  at  (m)  than 
■when  the  beam  can  oppose  tensile  resistances 
as  at  (n).  Also  since  KH<DG,  within  the 
same  limit  (y=o  and  $7i)  the  compression  is  more 
uniformly  distributed  at  (n)  than  at  (m);  hence 
the  beam  will  bend  more  when,  as  in  the  vous- 
soir  arch,  a  joint  BD  can  only  oppose  compress- 
ive resistances,  than  when,  as  in  a  solid  beam, 
tensile  resistances  can  be  exerted.  As  a  conse- 
quence of  .this  compression  at  lower  edge, 
there  being  none  (according  to  our  hypothesis — 
the  law  of  the  trapezoid)  at  K  in  case  (m),  the 
joint  above  K  must  open,  and  could  in  fact  be 
removed  without  interfering  with  the  distribu- 
tion of  the  forces  at  all.  .  .  .  Some  writers 
have  erroneously  asserted  that  the  opening  was 
due  to  tensile  forces.  It  may  be  observed,  that 
if,  as  in  the  voussoir  arch,  these  tensile  forces 
are  unbalanced  rupture  must  ensue. 

16.  The  decomposition  of  R  cannot  be  tlie  same 
for  an  open  joint  as  for  a  solid  beam,  when  L  lies 
between  \h  and  \h  ;  for  if,  for  a  solid  beam,  we 
assume  the  disposition  (m),  the  edge  nearest  R 
is  most  compressed,  and  the  joint  above  K 
would  tend  to  open  ;  but  as  there  are  tensile 
resistances  there  that  prevent  it,  the  disposition 
(m)  is  not  correct  for  the  solid  beam;  hence 
some  other  disposition  as  (n)  is  correct. 

17.  It  is  evident,  from  the  reasoning 
in  art.  6  that,  in  a  voussoir  arch,  when- 
ever the  resultant  on  a  joint  does  not 
pass  through  its  center,  that  the  edge 
nearest  the  residtant  is  most  compressed, 
and  the  arch  is  consequently  deformed. 

If  some  external  force,  as  a  spandrel 
thrust,  keeps  the  line  of  pressures  in  the 
middle  of  the  arch  ring,  then  there  will 
be  no  deformation  of  the  arch,  save  that 
due  to  the  uniform  compression  at  each 
joint. 

Conversely,  if  the  arch  retains  its 
shape,  save  that  due  to  a  uniform  com- 
pression at  each  joint,  the  line  of  press- 
ures must  coincide  icith  the  center  line  of 
the  arch  ring/  for  otherwise  there  would 
necessarily  be  deformation  of  the  arch, 
which  is  not  supposed. 

18.  It  is  evident,  that  as  the  resultant 
pressures  on  the  joints  are  farther  re- 
moved from  the  center,  the  deformation 
is  greater;  increasing  gradually  until, 
when  the  line  of  pressures  leaves  the 
middle  third  of  the  arch  ring,  the  joint 


just  begins  to  open,  this  opening  increas- 
ing, [see  Fig.  4  (m)]  until  when  the 
residtant  is  very  near  the  edge,  the 
strain  r"  on  the  most  compressed  fiber 
exceeds  the  idtimate  strength  of  the 
material  and  crushing  ensues,  followed 
or  accompanied  by  rotation.  For  very 
light  arches  this  crushing  may  not  be 
perceptible.  Thus,  in  the  experiment 
given  Fig.  1,  there  was  deformation  of 
the  arch,  before  rotating  began,  due  to 
the  compressibility  of  the  material,  joints 

0,  1  and  5  compressing  most  at  their 
outer,  joints  2,  3  and  4  at  their  inner 
edges.  The  resultants  at  joints  0,  3  and 
5,  obeying  the  law  of  nature's  economy 
of  force,  pass  nearly  through  the  very 
edges;  so  that  Z;=KH=3y  (Fig.  4,  m)  is 
very  small,  and  as  the  face  of  one 
voussoir  can  be  supposed  to  rotate  about 
K,  the  opening  at  I  must  be  very  appre- 
ciable, as  it  was  at  joints  0,  3  and  3  in 
the  actual  experiment. 

19.  It  is  likewise  evident  that  the 
greater  the  compressibility  of  the  materi- 
al, the  greater  the  deformation  of  the 
arch;  hence,  with  weak  materials,  rota- 
tion will  occur  sooner,  i.e.,  with  less  loads 
or  lower  piers,  than  for  less  compressible 
materials.  This  principle  is  proved  ex- 
perimentally by  exps.  13  and  14  of  part 

1,  with  cloth  joints. 

The  above  theory  now  perfectly  ex- 
plains, that  apparent  anamoly  in  the  ex- 
periments, of  the  resultant  on  the  base  of 
a  pier,  made  up  of  several  bricks,  ap- 
proaching the  center  as  the  height  of  the 
pier  was  increased ;  the  arch  and  pier  be- 
ing at  the  limit  of  stability.  The  true 
explanation  is,  that  it  is  due  to  a  com- 
pression of  the  edges,  causing  a  deforma- 
tion of  the  arch ;  so  that  if  the  exact  fig- 
ure of  the  arch  at  the  instant  of  rotation 
could  be  obtained,  we  should  find  that 
the  line  of  pressures  approaches  closely 
the  very  edges  at  the  joints  of  rupture. 

In  fact  this  is  necessarily  so,  for  as 
these  edges  alone  bore,  just  before  ro- 
tating, the  line  of  pressures  must  pass 
through  them.  The  same  remarks  apply 
to  all  the  experiments.  It  was  not  at- 
tempted to  find  the  figure  of  the  deform- 
ed arch  just  before  rotating,  for  the  figure 
in  most  cases  was  not  constant  and  hence 
impossible  to  obtain.  In  truth  a  very 
limited  time  scarcely  permitted  of  the 
experiments  that  were  joerformed. 

20.  It  is  well  to  note  that  so  long  as  B, 
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remains  within  the  inner  third  of  the 
arch  ring,  that  compressive  forces  act  on 
the  whole  extent  of  the  joint,  and  thus 
there  will  be  no  opening.  Eq.  (3)  will 
give  the  unit  strain  on  the  fiber  at  the 
most  compressed  edge,  noting  that  d  is 
now  mhrus.      When   d=—^h,    (c  +  r)= 

~  or  double  the  compression  — ,  if  the 

resultant  were  uniformly  distributed  on 
the  joint. 

Hence  at  those  joints  where  the  result- 
ant cuts  the  joint  \  the  depth  of  joint, 
from  either  edge  the  strain  induced  in 
the  most  compressed  fiber,  is  double  that 
due  to  a  uniform  distribution  of  the  re- 
sultant on  the  joint. 

21.  It  is  clear  likewise  that  inversely 
if  in  any  voussoir  arch  the  joints  are  all 
closed,  that  the  line  of  pressures  keeps 
somewhere  within  the  middle  third  •  for 
if  it  did  not,  then  there  would  be  com- 
pression, uniformly  increasing,  as  at 
Fig.  4  (m)  over  only  apart  of  the  joint; 
so  that  while  the  fiber  at  K  is  unaltered, 
those  fibers  on  the  part  KH  are  com- 
pressed, which  necessitates  the  opening 
of  the  joint  above  K;  but  this  is  against 
the  supposition  of  closed  joints,  hence 
the  actual  line  of  pressures  keeps  within 
the   middle   third.       Eq.    (6)    gives    the 

value,  r"=%  -,  of  the  unit  strain  on  the 

edge  nearest  R.  When  R  lies  in  the 
outer  third  of  the  arch  ring,  the  mortar 
being  supposed  to  offer  no  appreciable 
tensile  resistance. 

Thus  if  R  passes  \  depth  joint  from  an 

edge,  ri=%  — = |  — ,  being  slightly  over 

double  the  unit  strain   T,  if  R  was  uni- 
h 

formly  distributed. 

22.  For  arches  of  medium  spans,  it  can 
matter  little,  so  far  as  strength  and 
stability  are  concerned,  whether,  by  the 
aid  of  a  spandrel  thrust  or  other  device, 
or  from  inherent  strength,  the  line  of 
pressures "  is  restrained  to  the  middle 
third  or  to  limits,  J  depth  joint  from 
edges,  or  other  limits.  Thus  in  the  stone 
viaduct  of  50  feet  span,  given  in  Part  I, 
the  horizontal  thrust  at  the  crown,  in  a 
slice  1  foot  wide,  is  nearly  25  tons,  the 
depth  of  voussoirs  being  2.5  feet.  Now 
if  the  compression  were  uniform,  the 
strain  per  square  foot  would  be  10  tons. 


If  the  resultant  at  the  crown  passed, 
\,  \,  \  depth  joint  from  extrados  or  in- 
trados,  the  strains  per  square  foot  at  the 
most  compressed  edge  would  be  20,  26.7, 
and  33.3  tons  respectively.  Since  the 
crushing  weight  of  granite  varies  from 
400  to  800,  of  limestone  from  250  to  600, 
and  of  sandstone  from  200  to  300  tons 
per  square  foot,  it  is  evident  there  can  be 
no  danger  of  crushing  in  these  cases  for 
such  materials.  The  crushing  weight  of 
best  brick  in  cement,  Trautwine  gives  as 
50  to  70  tons  per  square  foot ;  of  brick 
alone,  at  from  50  to  300. 

If  the  material,  in  the  most  compressed 
edge,  is  not  to  be  subjected  to  more  than 
-^th  of  its  breaking  weight,  then  brick 
should  not  be  used  of  the  proportions 
above. 

23.  If  an  iron  band  is  jDlaced  around 
that  part  of  the  extrados,  where  the  joints 
would  otherwise  open,  it  may  entirely  or 
partially  prevent  this  opening.  The  arch 
then  ceases  to  be  strictly  a  voussoir  arch, 
so  that  this  device  will  not  be  further 
noticed. 

24.  We  have  been  careful  to  expose 
this  law  of  the  decomposition  of  the  re- 
sultant on  a  cross  section  in  detail,  since 
so  many  writers  have  fallen  into  error 
on  this  point :  some  applying  the  princi- 
ples affecting  a  solid  beam  to  the  open 
joint,  and  thus  discovering  a  veritable 
case  of  rotation  when  the  line  of  pressures 
passes  outside  the  "middle  third"  of  the 
arch  ring,  due  to  supposed  tensile  forces  ; 
and  others  again  rejecting  the  law  of  the 
trapezoid  entirely,  and  falling  back  upon 
the  theory  of  incompressible  voussoirs. 

It  is  needless  to  give  all  the  various 
theories,  even  in  outline,  that  have  been 
proposed  by  so  many  able  writers. 
Suffice  it  to  say,  that  it  is  probably 
agreed,  that  the  true  solution  of  the  arch 
is  intimately  connected  with  the  law  of 
its  compressibility ;  or  more  plainly,  the 
law  of  its  deformation  due  to  its  elas^ 
ticity. 

The  aim  is,  therefore,  whilst  not  at- 
tempting a  thorough  solution,  to  en- 
deavor to  present  clearly  some  important 
points  bearing  on  this  subject. 

25.  It  is  assumed  as  proved,  that  if, 
in  any  completed  arch,  no  joints  open,, 
that  the  actual  line  of  pressures  keeps 
within  the  middle  third  of  the  arch  ring. 
In  fact,  it  is  well  to  design  the  arch  ring 
so  as  to  satisfy  this  condition. 
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It  does  not  follow,  by  any  means,  that 
if  this  actual  line  is  found  outside  the 
middle  third,  that  the  arch  will  fail,  as 
Rankine's  eq.  asserts.  We  have  just  seen 
that  both  strength  and  stability  may  be 
satisfied  when  this  line  approaches  the 
edges  at  certain  joints  quite  closely,  so 
that  other  limits  might,  in  many  cases, 
with  safety  be  instituted. 

But  it  seems  advisable,  entirely  from 
a  practical  point  of  view,  not  to  have  any 
open  joints;  it  gives  an  appearance  of 
insecurity  and  besides  may  leave  too 
small  a  margin  for  shocks. 

This  principle  does  not  apply  to  cul- 
verts, buried  out  of  sight  and  never  sus- 
taining any  shocks  or  much  variation  of 
pressure;  hence  it  is  extravagance  to 
give  them  the  same  depth  of  keystone  as 
a  stone  bridge.  It  is  for  the  same  reason 
proper  to  increase  the  depth  of  arch 
stones  for  a  railroad  arch  bridge  over  the 
sizes  usually  employed  in  road  bridges, 
as  the  live  loads  are  heavier  and  move 
faster.  For  tunnel  arches  the  judgment 
of  the  engineer  must  be  largely  exercised 
in  allowing  for  the  different  thrusts  of 
the  various  materials  f ound  in  tunneling ; 
and  here  it  is  better  to  be  on  the  safe 
side  and  use  a  deep  arch  ring  to  allow 
for  variations  in  thrust,  especially  if  the 
soil  is  treacherous. 

26.  Let  us  recur  again  to  the  gothic 
arch,  Fig.  1 ;  which,  as  remarked,  spread 
outwards  about  the  haunches  when  set 
up  on  the  solid  piers.  If  with  the  hands 
the  tops  of  the  piers  are  moved  inwards 
until  the  span  is  just  14  inches,  the  joints 
are  all  closed  as  stated  in  Part  I,  p.  50. 
The  line  of  pressures  is,  therefore,  con- 
fined to  the  middle  third.  If  the  top  of 
the  pier  is  pushed  still  farther  in,  the 
crown  joint  opens  at  the  top,  leaving  at 
the  bottom  edge ;  and  this  is  so,  whether 
the  other  joints  that  may  open  are 
wedged  up  just  to  close  or  not. 

Now  there  are  some  intermediate  posi- 
tions for  the  top  of  the  pier  when  the 
horizontal  thrust  at  the  crown  acts  at 
different  points  along  the  joint:  for  as 
the  top  of  pier  is  moved  gradually  in- 
wards from  its  limiting  position  the 
thrust  at  the  crown  must  travel  gradually, 
down  the  joint,  until  it  reaches  the  lower 
edge,  when,  of  course,  the  lower  edge 
alone  bears. 

It  cannot  jump  at  once  from  its  highest 
to  its  lowest  position. 


This  granted,  a  very  important  propo- 
sition is  established:  that  by  cutting  or 
fitting  the  arch  stones  in  a  certain  man- 
ner that  the  line  of  jwessures  at  the  crown 
may  be  made  to  pass  through  any  de- 
sired point  of  the  crown  joint.  Thus,  in 
this  case,  with  a  span  less  than  14  inches, 
the  thrust  at  the  crown  ,may  be  confined 
to  any  point  of  the  crown  joint  between 
the  top  of  the  middle  third  limit  and  the 
bottom  of  the  joint;  and  the  voussoirs 
may  be  so  cut  that  no  other  joint  opens, 
even  if  the  crown  joint  opens. 

The  same  remarks  apply  to  any  other 
joint.  A  line  of  pressures  may  thus  be 
made  to  pass  at  will  through  any  point  at 
the  crown  joint,  and  through  some  point 
below  the  previous  one,  generally  on  any 
other  joint.  Thus  the  arch  may  be 
pivoted  at  the  crown  and  at  the  haunches, 
as  see  exps.  3  and  10  of  Part  I ;  or  the 
line  of  pressures  may  be  compelled  to 
take  the  same  position  by  properly  chip- 
ping away  part  of  certain  joints;  so  that 
the  true  hue  of  pressures  is,  after  all, 
dependent  on  the  mason.  If  he  so  cuts 
and  lays  the  stones  that  on  completion 
the  bridge  shows  no  open  joints,  as  is 
the  rule,  then  the  line  of  pressure  is 
somewhere  within  the  inner  third. 

27.  Next,  suppose  the  piers  removed 
and  that  the  arch  stands  upon  a  firm  sup- 
port, the  joints  being  closed  as  stated: 
where  is  the  actual  line  of  pressures  ? 
The  line  as  first  drawn  corresponds  to 
the  principle  of  least  resistance ;  but 
this  cannot  be  the  true  one,  since,  for  no 
other  reason,  the  consequent  rotation 
about  the  upper  edge  of  the  crown  joint 
and  the  lower  edge  of  joints  3  or  2,  woidd 
necessitate  a  rotation  about  the  extradosal 
edge  of  joint  4.  But  this  last  cannot  occur, 
unless  the  line  of  pressures  passes  nearly 
through  a,  the  outer  edge  of  joint  4; 
involving  a  new  curve  of  pressures,  as 
shown  by  the  dotted  lines,  era,  similar  to 
the  actual  one  drawn  in  Fig.  11  of  Part 
I,  referring  to  the  first  experiment,  in 
which  the  joints  opened  as  just  described. 
In  fact  when  the  crown  is  lowered,  the 
haunches  must  spread,  and  consequently 
the  springing  joint  be  most  compressed 
on  the  extrados  side.  Now,  in  practice, 
this  spreading  always  occurs  at  the 
haunches,  so  that  the  line  of  pressures 
there  is  below  the  centre  line,  whilst  at 
the  top  and  springing  it  is  above  it  or 
outside  of  it. 
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If  no  joints  open,  as  was  the  case,  the 
line  must  keep  within  the  inner  third  be- 
sides. Now,  if  the  law  of  this  deformation 
of  the  arch  was  known,  the  curve  could 
be  located ;  as  it  is,  we  can  only  approx- 
mate  to  its  true  position,  by  noticing  the 
manner  in  which  arches  settle,  or  fail  as 
just  shown.  Now,  it  was  proved  by 
numerous  experiments  in  Part  I,  that 
when  an  arch  failed  by  rotation,  in  every 
case  the  line  of  pressures  corresponded 
to  both  the  maximum  and  the  minimum 
of  the  thrust. 

This  is  illustrated  by  figures  11, 12,  13, 
23,  and  24,  of  Part  I,  which  figures  refer 
to  a  few  of  the  experiments  made  on  the 
wooden  arches.  Now,  it  will  probably 
be  admitted  that,  with  voussoirs  that  fit 
perfectly  before  decentering,  and  with 
incompressible  abutments,  that  the  de- 
formation of  the  arch  due  to  its  compres- 
sibility, is  in  the  same  direction  as  that 
when  the  arch  is  at  the  limit  of  stability 
from  a  similar  kind  of  loading ;  i.  e.,  the 
curve  of  pressures  crosses  the  centre  line 
the  same  number  of  times,  und  near  the 
same  places.  Then  it  seems  highly  prob- 
able, under  the  conditions  assumed,  that 
the  actual  line  of  pressures,  in  such  an 
arch,  is  coitfned  within  such  limiting 
curves,  approximately  equidistant  from 
the  center  line  of  the  arch  ring,  that  only 
one  curve  of  pressures  can  be  drawn 
therein,  corresponding,  therefore,  to  the 
maximum  and  minimum  of  the  thrust  in 
the  limits  taken. 

Assuming  this  to  be  true,  let  us  critisise  the 
constructions  given  for  the  segmental  bridge  in 
Part  I.  Thus,  in  Figs.  9  and  10,  the  line  of 
pressures  is  nearer  the  centre  line  than  drawn. 
The  curve  for  the  limit  of  stability  is  repre- 
sented in  Fig.  13,  when  the  weight  is  at  the 
crown  ;  and  by  Fig.  24,  for  a  single  weight  on 
one  haunch. 

Now,  according  to  the  principles  exposed 
above,  a  line  of  pressures  for  the  bridge,  Fig. 
21,  loaded  eccentrically,  should  be  drawn 
through  the  lower  middle  third  limit,  at  joint  6, 
on  the  loaded  side,  the  upper  limit,  at  joint  6, 
on  the  unloaded  side,  and  a  point  at  the  crown 
jotnt  slightly  lower  than  before.  On  a  large 
scale  drawing  (3  feet  to  the  inch),  assuming. the 
thrust  at  the  crown  joint  to  act  1.1  ft  above  the 
intrados,  we  find  that  the  line  of  pressures 
passes  above  the  middle  third  limits  at  joint  2, 
under  the  load  0.2  ft. — its -max.  departure — 
just  touching  the  lower  limit  at  joints  1  and  2, 
on  the  unloaded  side.  If  preferred,  the  direc- 
tion and  amount  of  the  thrust  at  the  crown  to 
pass  through  the  given  points  on  joints,  0,  may 
be  found  by  successive  trials  in  place  of  com- 
puting them.  Thus,  assume  the  direction  of 
the  thrust:  then  find  its  amount  to  pass  through 


the  point  on  one  joint  6,  and  use  this  amount  in 
finding  the  center  of  pressure  on  the  other 
springing  joint,  which  should  coincide  with  the 
point  taken  on  that  joint,  otherwise,  try  again. 
Three  trials  only  sufficed  in  this  case. 

From  the  above,  we  see  that  the  depth  of 
arch  ring  should  be  increased  0.2,  in  order  that 
a  line  of  pressure,  giving  the  max.  and  min. 
thrust  in  the  limits,  may  everywhere  keep  with- 
in the  middle  third.  The  recommendation, 
though,  is  repeated  to  increase  the  depth  of  the 
arch  ring  0.5  foot,  to  allow  for  the  influences 
mentioned  in  the  next  article. 

If  the  object,  therefore,  is  simply  to 
investigate  the  stability  of  a  proposed 
structure  (which  is  indeed  the  real  ob- 
ject of  our  investigation),  it  is  evident 
that,  if  any  line  of  pressures  can  be  in- 
scribed within  limits,  so  that  no  crushing 
occurs,  that  the  arch  is  stable  against  ro- 
tation for  statical  loads.  For  with  less 
horizontal  thrusts  than  that  taken,  the 
curve  departs  more  and  more  from  that 
which  corresponds  to  the  ultimate  maxi- 
mum and  minimum,  without  which  the 
arch  cannot  fail  by  rotation.  As  ex- 
plained above,  it  is  wTell  to  confine  this 
line  of  pressures  to  the  middle  third  of 
the  arch  ring,  so  that  no  joints  open.  If 
the  line  drawn  corresponds  to  the  mini- 
mum, but  not  to  the  maximum  of  the 
thrust  within  the  limits  taken,  it  is  not 
the  actual  line  of  pressures  (if  the  abut- 
ments are  fit  in,  etc.),  since  this  is  prob- 
ably contained  within  still  narrower 
limits.  In  fact  there  will  be  an  excess 
of  stability  in  this  case.  In  arts.  55,  et 
seq.,  the  characteristics  of  the  maximum 
and  minimum  thrusts  will  both  be  investi- 
gated in  the  most  general  manner. 

Remark. — It  should  be  observed  that  if,  in  a 
voussoir  arch,  there  are  no  mortar  joints,  and 
the  stonef  are  cut  so  perfectly  that  the  compres- 
sion is  the  same  next  the  joints,  as  in  the  body 
of  the  stones,  then  when  the  pressure  line  keeps 
within  the  inner  third,  the  conditions  are 
exactly  similar  to  the  case  of  the  solid  or  rigid 
arch  "fixed  at  the  ends."  For  the  graphical 
treatment  of  this  case,  the  reader  is  referred  to 
Professor  Greene's  articles  on  this  subject  in 
Engineering  News  for  1877,  in  connection  with 
Bell's  article  in  Van  Nostrands'  Magazixe, 
Vol.  8;  also  to  Professor  Eddy's  "New  Con- 
structions in  Graphical  Statics."  The  analyti- 
cal treatment  is  given  in  full  in  Du  Bois' 
"  Graphical  Statics. "  On  testing  the  curve  of 
pressures  corresponding  to  the  max.  and 
min.  of  the  thrust,  if  the  segmental  bridge  with 
the  eccentric  load  examined  in  Part  I,  by  the 
three  conditions,  EM.=o,2M.y=o,  and  EMa—o, 
the  center  line  of  arch  ring  having  been  divid- 
ed into  16  equal  parts,  it  is  found  that  the 
curve  of  pressures  should  be  raised  slightly,  to 
satisfy  these  conditions,  which  are  simply,  that 
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the  tangents  at  the  springing  are  fixed,  the 
span  is  "invariable,  and  the  vertical  displace- 
ment of  one  springing  above  the  other,  equals 
zero.  It  seems,  however,  useless  to  enter  into 
this  refinement  for  actual  bridges  with  mortar 
joints,  rough  beds,  etc.  ;  therefore,  it  is  not 
mentioned  further. 

28.  The  abutments  or  piers  Lave  pre- 
viously been  considered  as  tmyielding. 
If  their  tops  lean  outward,  from  a  yield- 
ing of  the  foundation  on  the  outer  side 
where  the  greatest  pressure  is  ordinarily 
thrown,  or  if  the  span  lengthens  from 
the  compression  caused,  we  see  from 
the  remarks  on  Fig.  1,  that  the  actual 
line  of  pressures  corresponds  to  a  less 
horizontal  thrust,  so  that  it  approaches 
the  intrados  at  the  springing,  and,  of 
course,  retreats  farther  within  the  abut- 
ment at  its  base.  If  the  abutment  con- 
tinues to  yield,  it  approaches  still  more 
the  contoiu*  curves  at  the  crown  and 
haiinches,  so  that  a  sufficient  yielding 
may  cause  the  line  of  pressures  to  ap- 
proach very  nearly  the  very  edges  at 
those  joints. 

If  the  abutment  is  narrow,  and  especi- 
ally if  each  course  is  built  of  a  single 
block,  like  the  voussoirs,  for  the  thick- 
ness taken,  it  becomes  really  a  continua- 
tion of  the  arch,  so  that  all  the  princi- 
ples of  art.  27  apply;  the  base  of  the 
abutment  becoming  the  actual  springing 
joint. 

Now,  in  practice,  the  abutments  do 
yield  somewhat ;  so  that  in  most  arches 
the  actual  line  of  pressures  corresponds 
to  a  less  thrust  than  as  suggested  in  the 
previous  article.  In  view  of  the  fact  that 
the  arch-stones  may  not  fit  perfectly  (for 
openings  of  the  joints  do  occur  some- 
times, slate  rock  being  driven  in  them), 
in  addition  to  the  foregoing,  it  seems 
impossible  to  say  exactly  where  the  true 
line  of  pressures  is  to  be  found.  In 
most  bridges  the  joints  do  not  open,  so 
that  in  them,  it  is  confined  to  the  middle 
third. 

To  be  on  the  side  of  safety  in  designing 
piers  or  abutments,  the  maximum  thrust 
in  the  limits  may  be  used.  If,  however, 
the  top  of  the  pier  leans,  the  thrust 
forcing  it  over  becomes  less,  whilst  the 
opposing  thrust  of  the  arch  on  the 
other  side  increases.  "When  there  are  a 
series  of  arches  resting  on  piers,  the  re- 
sultant on  them  due  to  dead  load  is 
vertical  if  the  arches  are  all  alike,  or 
have  the  same  horizontal  thrust.     In  all 


cases,  the  pier  should  be  investigated 
when  one  span  is  loaded  and  the  adjacent 
one  unloaded,  exactly  as  shown  in  Part 
I.,  Fig.  22. 

"When  the  piers  are  very  high,  a  series 
of  arches  are  often  placed  below  the 
first,  which  must,  therefore,  supply  suffi- 
cient horizontal  thrust  to  keep  the  line 
of  pressures  within  the  middle  third  of 
the  horizontal  joints  of  the  piers  from 
the  lower  arches  to  the  base.  The  part 
of  the  piers  between  the  series  of  arches 
are  to  be  examined  as  before.  Some 
magnificent  structures  have  thus  been 
built  with  tiers  of  arches.  Instance  of 
modern  construction,  the  Morlaix  Via- 
duct ;  also,  the  bridge  over  the  Seine  at 
the  Pont  du  Jour,  Paris.  Often  the 
piers  of  the  upper  series  rest  upon  the 
arches  beneath,  which  are  generally  of 
greater  span  than  the  upper  series. 

29.  In  addition  to  the  influences  ex- 
erted on  the  line  of  pressures  by  the 
cutting  of  the  stones,  a  similar  one  pro- 
ducing similar  effects  is  Temperature. 
Stoney  says,  "With  increased  temperature 
the  crown  rises  and  joints  in  the  parapets 
open  over  the  crown,  while  others  over 
the  springing  close  up.  The  reverse 
takes  place  in  cold  weather ;  the  crown 
descends,  joints  over  the  springing  open 
and  those  over  the  crown  close.  When 
stone  or  iron  arches  are  of  large  span, 
these  movements,  from  changes  of  tem- 
perature, will  generally  dislocate  to  a 
certain  degree  the  flagging  and  pavement 
of  the  roadway  above.  This  is  very  con- 
spicuous in  Southwark  Bridge." 

These  combined  influences,  like  the 
shocks  due  to  rolling  loads,  can  only  be 
guarded  against  by  empirically  increasing 
the  depth  of  the  arch  ring  over  that  clue 
to  the  statical  loads,  as  recommended  in . 
art.  27. 

Practical  Conclusions. — In  view  of 
the  combined  influences  of  misfits,  shocks, 
temperature,  and  yielding  of  abutments 
the  true  curve  of  pressures  may  be  found 
in  'wider  limits  than  those  in  which  it 
has  the  characteristics  of  the  max.  and 
min.  of  the  thrust  in  the  arch  ring. 

If  we  design  an  arch  ring  then,  in 
which  a  line  of  pressures  corresponding 
to  the  max.  and  min.  of  the  thrust  can 
just  be  drawn  in  the  middle  third,  some 
joints  may  still  open  from  some  of  the  in- 
fluences mentioned  above;  therefore  it  is 
recommended  to  use  somewhat  narrower 
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limits  than  the  middle  third.  Or  better, 
require  that  a  line  of  pressures  may  al- 
ways be  inscribed  in  the  inner  third,  and 
increase  the  depth  of  arch  ring  empiri- 
cally to  allow  for  the  other  influences; 
since  they  are  different  for  each  bridge ; 
dependent  as  they  are  upon  the  thrust, 
height  of  pier  or  abutment,  kind  of 
foundation,  accuracy  with  which  the 
stones  are  cut  and  other  considerations 
detailed  above. 

INFLUENCE  OF  THE  SPANDRELS. 

30.  The  part  played  by  the  spandrels 
has  not  previously  been  enquired  into. 
When  the  centers  of  an  arch  are  struck, 
it  is  found,  particularly  for  full  center 
arches,  that  the  crown  descends  and  the 
haunches  spread  outwards.  This  spread- 
ing is  resisted  by  the  spandrels,  which  if  j 
solidly  built,  exert  horizontal  forces  suffi- 
cient to  prevent  much  lateral  motion  of  j 
the  arch  and  thus  help  to  keep  the  joints  I 
closed.  If  there  is  no  tendency  to  spread 
in  the  arch,  the  spandrel  exerts  no  hori- 
zontal resistance ;  it  being  simply  a  wall 
resting  on  a  rigid  arch  ring,  which  thus 
cannot  differ  in  its  action  from  any  other 
fixed  foundation  of  the  same  shaj)e.  As 
generally  built,  with  vertical  joints  next 
the  arch,  and  even  with  inclined  joints 
there,  in  most  cases,  there  is  no  tendency 
to  slide,  which  alone  can  cause  an  active 
horizontal  thrust. 

One  author,  M.  Y.  Von  Villarceau,  as- 
sumes that  the  spandrels  exert  an  active 
horizontal  thrust,  proportioned,  like 
liquids,  to  the  depth  below  the  surface  ! 
He  thus  obtains,  after  hundreds  of  pages 
of  intricate  calculations,  "  the  hydrostatic 
arch  " — one  of  the  worst  forms  of  arch  a 
constructor  could  well  choose.  What  a 
regret  that  such  industry  could  not  have 
been  devoted  to  a  more  practical  end. 

Eankine's  theory  will  be  noted  further 
on. 

If  in  any  of  the  experiments  given  in 
Part  I,  especially  with  the  gothic  arch 
where  the  spreading  was  very  apprecia- 
ble, a  sufficient  horizontal  thrust  was  ex- 
erted by  the  hands  or  spandrel  walls 
against  the  extrados,  the  arches,  even 
under  much  greater  loads  would  have 
been  stable.     Similarly  in  a  stone  bridge. 

If  the  spandrel  thrust,  at  different 
points  was  given,  the  investigation  of  the 
stability  of  the  arch  ring  would  be  as 
simple  as  that  for  a  culvert  or  tunnel 
arch  given  further  on. 


But  it  seems  impossible  to  estimate  it. 
If  each  spandrel  course  was  composed 
of  one  stone,  and  the  yielding  of  these 
stones  noted,  then  by  the  law,  "  ut  tensio 
sic  vis,"  we  could  deduce  the  horizontal 
resistance  offered  by  each  course.  But 
if  each  course  was  made  up  of  several 
stones,  the  forces  corresponding  to  the 
compressions  of  the  mortar  joints  would 
be  too  uncertain  to  rely  upon,  and  thus 
the  horizontal  resistances  could  not  be 
computed. 

31.  As,  however,  arches,  such  as  the 
semi-circular,  semi-elliptical,  etc.,  that 
require  a  very  effective  spandrel  thrust 
to  maintain  stability,  are  often  built,  it  is 
necessary  that  the  engineer  comprehends 
all  the  reactions  experienced  in  such 
arches,  although  he  may  not  be  able  to 
precisely  estimate  them  in  tons,  etc. 

To  this  end,  let  us  consider  the  semi- 
circular arch,  Fig.  5,  of*  100  feet  span, 
and  3  feet  depth  of  keystone  ;  the  solid 
spandrel  extending  to  3  feet  above  the 
top  of  the  keystone. 

Divide  up  the  spandrel  by  vertical 
lines,  5'  apart  for  40'  from  the  crown, 
than  2'  apart  for  the  next,  10'  and  1' 
apart  for  the  remaining  3  feet.  The 
joints  1,  2,  3,  .  . .  are  then  drawn  as  in 
the  figure. 

Our  object  is  first  to  ascertain  the 
weight  from  the  crown  resting  on  any 
joint,  and  the  position  of  the  centre  of 
gravity  of  this  weight.  The  line  of 
pressures,  disregarding  the  spandrel 
thrust  is  then  drawn  as  explained  for 
Fig.  1. 

In  the  following  table  the  first  column 
indicates  the  joint.  In  the  next  four 
columns,  the  upper  numbers,  opposite 
any  joint  niunber,  refer  to  the  trapezoid- 
al figures ;  the  lower  numbers  to  the 
voussoirs  on  which  the  trapezoids  rest : 
{See  Table  on  following  page.) 
We  assume  that  the  siu-face  5  of  a 
trapezoid  is  equal  to  its  horizontal  width. 
io  x  mean  height  v ;  the  latter  being 
measured  approximately  from-  the  top  of 
the  spandrel  to  the  extrados  along  the 
medial  vertical  line. 

For  the  voussoirs,  sw:i&ce=s=:wxv= 
length  measured  along  center  linex 
depth  (3'  in  this  case),  see  Part  I.,  p. 
78.  Column  c  gives  the  horizontal  dis- 
tances from  the  crown  to  the  medial 
vertical  of  the  trapezoid  (assumed  to  pass 
through  its  center  of  gravity),  and  to  the 
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center  of  gravity  of  the  voussoir  respect- 
ively. The  product,  s.  c=m— moment 
of  s  about  the  crown.     Column   s  now 


gives  the  area  of  the  trapezoids  and 
voussoirs  from  the  crown  to  any  particu- 
lar joint,  and  is  formed  by  the  successive 
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numbers   in   column  s. 
formed    from   m.     The 


:  horizontal  distance  from 


addition  of   the 
Similarly   M   is 

quotient  —  =C  = 

the  crown  to  the  center  of  gravity  of  the 

surface    S    corresponding   to    the    same 

joint.     Thus,  for  joint  8,  the  sum  of  the 

moments   of   each   trapezoid   and   vous- 

sbir  from    the   crown   to    joint   8=M= 

11893;  the  sum  of  their,  area=S =475.3  ; 

■M 
hence  by  mechanics  C=  ~-  =  25.      If  we 

take  a  slice  of  the  arch  of  the  width 
unity,  then  S  will  represent  the  corre- 
sponding volumes,and  is  proportional  to 
their  weights. 

The  whole  surface  of  the  arch  and 
spandrel  =  rectangle— quadrant =56  X  53 
_  xSJUul =1004.5,  differing  0.9  square 
foot  from  the  value  found  approximately 
in  the  table. 

32.  Let  us  now  pass  a  curve  of  press- 
ures through  a  point  a,  V  below  the  ex- 
trados  at  the  crown,  and  a  point  1'  from 
the  intrados  along  joint  8. 

To  do  this  we  lay  off  on  the  horizontal 
through  the  upper  point,  a&=C=25'  to 
the  left  of  the  crown.  From  the  point 
b  so  determined,  draw  a  straight  line  to 
the  lower  point  at  joint  8.  This  line 
gives  the  resultant  on  joint  8  in  position 
and  direction.  Next,  laying  off  to  scale 
in  the  force  diagram  to  the  right,  the 
surfaces  S  in  order,  and  drawing  through 
8  a  line  ||  the  direction  of  the  resultant 
just  found,  it  will  cut  off  on  a  horizontal 
through  o  the  value  od—Q,  of  the  hori- 
zontal thrust  at  the  crown. 

Drawing  lines  through  1,  2,  .  .  .  (force 
diagram)  to  d  so  found,  we  have  the 
directions  and  magnitudes  of  the  result- 
ant on  joints  1,  2,  .  .  .  represented  by 
their  lengths.  To  find  the  center  of 
pressure  on  any  joint  as  e.  g.,  5,  we  lay 
off  C=14  on  the  horizontal  ab.  From 
the  point  thus  found  draw  a  line  ||  ds  of 
force  diagram ;  where  it  intersects  joint 
5  is  the  center  of  pressure  on  that 
joint:  for  the  thrust  Q  at  a,  combined 
with  the  weight  resting  on  joint  5,  act- 
ing at  its  center  of  gravity  must  give 
the  resultant  on  joint  5  in  position,  mag- 
nitude and  direction.  Similarly  for 
other  joints. 

The  broken  line  traced  through  these 
centers   of  pressure — not  drawn  in  the 


figure  to  avoid  confusion — is  the  "  line 
of  pressures."  In  this  case  it  every- 
where keeps  within  the  middle  third  of 
the  arch  ring,  except  at  joints  15  and  16. 
At  joint  15  it  passes  in  the  arch  ring  0.6 
feet  from  the  extrados ;  at  joint  16,  1.9 
feet  outside  of  the  extrados.  [If  there 
was  no  spandrel,  the  true  line  of  press- 
ures must  lie  in  the  arch  ring,  if  possi- 
ble, and  satisfy  the  conditions  of  art.  27.] 

33.  At  joint  7,  the  center  of  pressure 
is  at  the  middle  of  the  joint;  the  line 
of  pressures  then  goes  below  the  center 
line  of  the  arch  ring,  approaches  nearest 
the  intrados  at  joint  8;  at  joint  13  it 
again  crosses  the  center  line,  and  keeps 
above  it  to  the  abutment.  Joints  8,  9 
and  10  are  the  most  compressed  on  the 
intrados  side.  Joint  8  is  often  called  the. 
joint  of  rupture. 

34.  Now  if  this  were  the  true  curve 
of  pressures,  the  effect  of  the  compression, 
not  being  uniform  on  the  joints,  would 
be  to  lower  the  crown  and  spread  out- 
wards the  haunches  (see  art.  28).  So 
that  if  the  spandrels  were  solidly  built 
up  to  joint  7,  they  would  offer  horizontal 
resistances,  in  addition  to  their  vertically 
acting  weights  to  partially  prevent  the 
deformation  of  the  arch  ring. 

Let  us  suppose,  for  an  instant,  that  the 
spandrels  are  absolutely  incompressible  ; 
the  arch,  then,  cannot  change  shape 
where  the  tendency  to  spread  occurs ; 
therefore,  the  compression  must  be  uni- 
form on  such  joints ;  tohence  the  actual 
line  of  pressures  must  pass  through  the 
centers  of  those  joints. 

This  compression  along  the  arch 
ring  shortens  it  slightly,  but  we  shall 
neglect  this  shortening.  Our  untrue 
hypothesis  conducts  us  to  the  following 
construction,  similar  to  the  one  given  in 
Rankine's  Civil  Engineering,  article  138  :: 
lay  off,  on  the  extreme  left  vertical,  the 
loads  from  o  (Fig.  6)  upwards.  Now, 
assume  that  the  curve  drawn  tangent  to 
the  resultants  on  the  joints  coincides, 
with  the  "  line  of  pressures "  (which 
hypothesis  is  sensibly  incorrect  as  we  ap- 
proach the  springing).  Draw  oe  parallel 
to  the  center  line  at  joint  11 — the  con- 
struction shown  effects  this  easily,  by 
drawing  o,ll  through  the  inter-section 
with 


of  c,ll  with  the  semi-circle.  Next 
draw  a  horizontal  line  through  11  on  the 
scale  of  loads,  to  the  intersection  e  with 
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the  line  just  drawn ;  then  oe  represents 
the  magnitude  and  direction  of  the  re- 
sultant at  joint  11,  whose  two  components 
o,ll  and  e,ll  are  respectively,  the  load 
from  the  crown  to  joint  11,  and  the  total 
horizontal  thrust  exerted  below  joint  11. 
On  repeating  this  construction  for 
each  joint,  we  find  the  horizontal  thrust 
exerted  below  each  joint;  the  horizontal 
thrust,  then  exerted  upon  a  single  vous- 
soir,  as  that  between  joints  11  and  12,  by 
the  spandrels,  is  thus  the  difference 
between  the  line  e,  11  and  the  horizontal 
/,  12.  At  joint  8,  the  horizontal  thrust 
obtains  its  maximum ;  and  above  this 
point,  hi  this  case,  the  spandrel  would 
have  to  exert  tensile  forces  to  cause  the 
center  line  to  become  the  true  line  of 
pressures;  but  as  it  cannot  do  this,  the 
horizontal  thrust  from  joint  8  to  the 
crown  is  constant. 

35.  If  an  accurate  construction  should  be 
desired,  to  ascertain  the  horizontal  force 
supplied  by  the  spandrel  at  the  extrados  of 
each  voussoir,  in  order  that  the  center  line  may 
be  the  curve  of  pressures,  from  the  joint  where 
spreading  first  occurs  to  the  abutment,  we  may 
proceed  as  follows:  assume  the  thrust  on  that 
joint  to  pass  through  its  center;  then  having 
assumed  the  position  at  the  crown  of  the  hori- 
zontal thrust,  we  find,  as  in  art.  32,  the  magni- 
tude and  direction  of  the  resultant  on  the  joint 
considered.  Combine  this  resultant  with  the 
weight  of  next  voussoir  and  load,  acting 
through  their  common  center  of  gravity,  and 
the  resultant  so  found  with  such  a  horizontal 
force,  acting  through  the  middle,  approxi- 
mately of  the  extrados  of  the  voussoir,  as  to 
cause  the  final  resultant  to  pass  through  the 
center  of  the  next  joint.  This  construction 
may  be  continued  to  the  abutment. 

If  a  force  polygon  is  drawn  to  one  side,  the 


amounts  of  the  horizontal  thrusts  supplied  to 
each  voussoir  by  the  spandrel  becomes  evident. 

36.  Continuing  the  construction  of 
art.  35,  we  draw  a  tangent  to  the  center 
line  at  joint  8,  to  intersection  n  with  the 
vertical  through  the  center  of  gravity  of 
the  load  from  the  crown  to  joint  8,  and 
from  this  point  draw  mn  horizontal,  to 
intersection  m  with  the  crown  joint. 
From  m  the  center  of  pressure  on  the 
crown  joint,  the  curve  of  pressures  to 
joint  8  is  drawn  as  before  explained  in 
art.  32.  It  is  shown  by  the  dotted  line 
through  m  which  point  is  0.2  feet  below 
the  crown.  The  curve  is  continued  below 
joint  8,  surjposing  no  spandrel  thrust,  and 
cuts  the  springing  joint  4.5  feet  to  the  * 
left  of  the  extrados. 

On  the  supposition  of  incompressible 
spandrels  however,  the  true  curve  is  that 
drawn  through  m  to  joint  8 ;  then  it 
follows  the  center  line.  Rankine  indeed, 
asserts  that  a  linear  arch  parallel  to  the 
intrados  and  drawn  within  the  middle 
third  is  the  true  curve,  whence  n  and  m 
may  be  slightly  raisedor  lowered.  (See 
Rankine's  Civ.  Eng.,  art.  285.) 

This  cannot  be  if  the  arch  is  to  perfect- 
ly preserve  its  figure  (art.  34).  Again,  for 
compressible  spandrels,  the  line  of  press- 
ures about  joint  8  must  he  below  the 
center  line,  never  above  it  (art.  28). 

37.  But  is  this  the  true  curve? 
Decidedly  not.  If  there  were  no  span- 
drels, and  the  abutments  yielded  suffi- 
ciently, the  curve  would  be  somewhat  as 
drawn  in  art.  32,  tending  to  flatten  the 
arch  from  the  crown  to  joint  7;  then  to 
render  it  more  convex;    and  below  this 
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point  causing  the  greatest  compression 
to  occur  at  the  extrados. 

Now,  theoretically,  with  spandrels  built 
in  the  usual  manner,  when  the  centers 
are  struck,  the  tendency  of  the  arch  to 
spread  at  the  haunches  causes  the  com- 
pression of  the  spandrels,  which  thus,  in 
partially  resisting  this  spreading,  put 
forth  horizontal  forces.  The  true  line  of 
pressures  then  between  joints  7  and  13, 
about,  must  pass  below  the  center  line; 
below  joint  13  approximately,  it  keeps  to 
the  left  of  the  center  line.  The  latter 
follows  from  the  fact  that  any  spreading 
at  the  haunches  is  accompanied  with  a 
diminished  compression  of  the  intrados 
at  joint  16,  (see  art.  27). 

Again,  the  spandrel  thrust  must  be 
greatest  where  the  spreading  is  greatest ; 
whence  from  joint  8  the  spandrel  thrust 
necessarily  diminishes  down  to  the 
springing  or  near  it,  where  it  ceases.  No 
spandrel  thrust  is  experienced  above 
joint  8  about,  if  the  spandrel  moves  as 
one  mass. 

In  practice,  the  spandrel  is  not  solidly 
built  above  joint  8,  except  on  the  faces  of 
the  arch,  so  that  on  that  account,  the 
thrust  above  joint  8  will  be  small  if  any. 

38.  Practically,  the  first  solution  above 
conducts  to  this  absurdity;  the  arch 
should  be  unstable  because  m  lies  below 
the  arch  ring,  but  the  depth  of  keystone 
was  obtained  from  a  comparison  of  ex- 
amples in  actual  practice,  so  that  no  en- 
gineer woidd  believe  that  a  full  center 
arch  of  100  feet  span  and  3  feet  depth  of 
keystone  should  be  unstable.  Thus, 
from  Rankine's  formula,  founded  entirely 
on  practice,  the  dej)th  of  keystone  should 
be,  for  a  single  arch  V32~x7-— 2-45  feet, 
or  for  an  arch  of  a  series  *J .YlYjr 
=2.9  feet;  r  being  the  radius  at  the 
crown,  50  feet  in  this  case. 

Again,  in  practice,  the  crown  falls  on 
decentering;  hence  it  seems  probable 
that  the  true  line  of  pressures  there  is 
above  the  center  line,  not  below  it. 

39.  Novo  if  the  joints  keep  closed, 
the  actual  line  of  pressures  probably 
passes  above  the  center  line  at  the  croicn  / 
between  the  center  line  and  the  lower 
middle  third  limit  at  joint  8  about  / 
from  this  point  it  again  approaches  the 

center  line,  crossing  it  about  joint  13  a?id 
passing  near  the  outer  middle  third  limit 
at  the  springing  joint,  keeping  through- 
out within  the  middle  third  of  the  arch 
Vol.  XX.— No.  1—5 


ring.  The  spandrel  then,  from  the  point 
of  greatest  spreading  to,  or  near,  the 
abutment,  must  exert  the  least  horizontal 
resistances  that  ivill  effect  this  object. 
Some  idea  of  their  magnitudes  could  be 
gained  from,  the  construction  of  art.  35, 
if  we  knew  two  points,  say  at  the  crown 
and  joint  8,  through  which  to  pass  the 
curve  of  pressures,  assuming  its  position 
beloio  joint  8.  HUSI 

If  this  be  true,  then  the  thrusts  exerted 
by  the  spandrels  are  evidently  much  less 
than  as  given  by  Rankine's  construction, 
and  the  spandrel  in  a  semi-circular  arch 
does  not  sustain  the  whole  of  the  hori- 
zontal thrust.  Rankine's  theory  is  the 
only  one,  except  Y.  Von  Villerceaus,  that 
has  yet  been  proposed  to  evaluate  the 
spandrels'  influence. 

40.  If  the  top  of  the  backing  of  an 
arch  is  sloped  downwards  from  the  arch, 
it  may  not  be  capable,  near  the  top,  of 
exerting  much  horizontal  thrust. 

If  we  knew  the  total  spandrel  thrust 
down  to  a  certain  horizontal  joint,  the 
weight  of  the  spandrel  above  this  joint 
multiplied  by  the  coefficient  of  friction  of 
stone  on  stone  is  the  force  that  resists 
the  sliding  tendency;  so  that  the  height 
of  spandrel,  on  this  supposition,  is  easily 
computed. 

As  Rankine's  construction  gives  an  ex- 
cess of  spandrel  thrust,  it  may  be  used 
to  evaluate  the  least  height  of  backing, 
both  loose  and  solid,  to  be  used. 

41.  Whatever  doubt  may  exist  as  to 
the  precise  measure  of  the  forces  exerted 
by  the  spandrel,  its  important  action  in 
preventing  deformation  of  the  arch  ring 
from  a  theoretical  stand  point  is  rendered 
plain  by  the  above  discussion ;  and  the 
locus  of  th&  true  curve  of  pressures  is 
more  precisely  ascertained  than  hitherto ; 
which  was  the  object  to  be  accomplished 
in  the  present  instance.  It  is  usual  with 
constructors  to  strike  the  centers,  after 
the  keystone  is  driven  in  and  the  backing 
carried  up  such  a  distance  above  the 
"joint  of  rupture"  (as  joint  8  is  often 
called)  that  the  arch  ring  will  be  stable 
when  the  supports  are  removed.  This 
would  seem  to  be  a  matter  to  be  determ- 
ined from  practice ;  though  a  curve  of 
pressures  can  be  used  in  approximately 
testing  the  stability  of  the  unfinished 
arch. 

It  may  be  observed  that,  if  the  result- 
ant at  joint  8  maintains  its  position  and 
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direction  approximately,  that  the  center 
of  pressure  at  the  crown  for  the  com- 
pleted arch  will  be  lower  than  for  the 
unfinished,  arch,  if  the  vertical  through  b 
moves  to  the  left  as  the  arch  is  com- 
pleted: otherwise  the  reverse  happens. 

42.  Width  of  Piers  and  Abutments. — 
For  full  security,  in  these  arches  where 
the  spandrels  exert  a  marked  influence, 
the  horizontal  thrust  at  .the  crown  may 
be  taken  as  acting  at  the  lower  middle 
third  limit,  whence  the  center  of  pressure 
at  the  base  of  an  abutment  is  determined 
exactly  as  in  art.  2,  Fig.  1,  (also,  see  art. 
28).  The  right  half  of  the  arch  being 
supposed  removed  and  Q  being  applied 
at  the  crown  to  produce  the  same  effect; 
its  combination  with  the  weight  of  the 
semi-arch  and  abutment  must  give  the 
resultant  acting  on  the  base  of  the  latter, 
irrespective  of  internal  actions,  such  as 
the  real  distribution  of  the  spandrel, 
thrust,  &c.  For  the  piers,  suppose  again, 
for  safety,  that  Q  acts  at  the  lower  middle 
third  limit  at  the  crown;  then  find  the 
resultants    acting   at    the    level   of    the 


springing,  due  to  the  arches  on  both 
sides  of  a  pier;  on  combining  them  with 
the  weight  of  pier,  acting  at  its  center  of 
gravity,  the  center  of  pressure  at  the 
base  can  be  found.  It  is  a  good  practi- 
cal rule  to  limit  this  center  of  pressure  in 
both  abutments  and  piers  to  the  middle 
third  of  the  base  (see  art.  9);  and  to 
cause  it  to  approach  the  center  as  the 
foundation  becomes  more  insecure. 

•43.  Let  us  next  suppose  the  full 
center,  Fig.  6,  loaded  with  cars  weighing 
3000  pounds  per  lineal  foot  from  the 
crown  to  the  right  abutment.  If  this 
load  bears  upon  a  width  of  six  feet,  it  is 
equivalent  to  a  layer  of  stone  of  same 
density  as  the  bridge  (150  lbs.  to  the 
cubic  foot),  3.4  feet  high,  as  represented 
in  the  figure. 

The  following  table  for  the  right  half 
of  the  arch  is  made  out  exactly  as  ex- 
plained in  art.  31,  only  the  voussoir 
numbers,  for  each  joint,  are  placed  above 
the  corresponding  spandrel  numbers. 
Now  let  us  pass  a  curve  of  pressures  jjth. 
depth  of  arch  ring  below  the  center  line 
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at  the  crown  joint  and  joints  8,  through 
m,  a  and  c.  The  thrust  at  the  crown  is 
generally  inclined.  Let  us  deduce  some 
general  formulae  to  enable  us  to  find  it. 

44.  Call  Px= weight  from  crown  to  joint  8  on 
left, 
a1=its  lever  arm  about  a, 
Pg=  weight  from  crown  to  joint  8  on 

right, 
a3=its  lever  arm  about  c, 
Q  =horizontal  component  of  thrust 

at  m, 
51=lever  arm  about  a 
bz=     "       "       "      c 
P  =vertical  component  of  thrust  at 
m,  considered  positive  when  it 
acts     downwards     as    regards 
pressure  from  the  right  half  of 
the  arch  upon  the  left. 

<7i  and  g2  are  the  horizontals  from  a  and  c 
respectively  to  the  vertical  through  the  crown. 
Now  suppose  the  right  half  of  the  arch  re- 
moved and  its  effect  replaced  by  P  and  Q  act- 
ing at  m  ;  we  have  taking  moments  about  a. 

aiPi+fl^P  =&iQ-  •    •  •  (5) 
Next,  conceive  the  left  half  removed,  &c,  and 
take  moments  about  c. 

a2P3-#3P=&3Q.  ...  (6) 
Eliminating  Q,  we  have 

«AP2-«APi    - 


P= 

From  (5) 


Q 


(?) 


(8) 


See  more  general  formulae  in  Part  I,  art. 
12,  and  in  art.  63  following. 

45.  From  the  tables  of  arts.  31  and  43, 
we  have  Pl=475.3,  Pa=611.3;  and  their 
centers  of  gravity  are  distant  from  the 
crown,    respectively,   25.    and   23.9   feet. 

From  the  drawing,  we  have  thus, 
«,=13.7,  a2=14.8,  ^  =  £.=17.5,  g=g% 
=38.7,  whence, 


2<7, 
-13.7x475.3=14.8x611.3 


2x38.7 


:32.8 


Q 


13.7x475.3  +  38.7x32.8 
17.5 


:444.6 


From  m  lay  off  to  the  right,  horizon- 
tally, Q=444.6=m?i;  then  vertically 
upwards,    P= 32.8= no  :    om   represents 


the  resultant  at  the  crown  joint.  Now, 
lay  off  the  force  lines  o,  ....  16  from 
colums  S  in  the  tables ;  so  that  ml, 
ml,  .  . .  now  represent  the  directions  and 
magnitudes  of  the  resultants  on  joints  1, 

2,  . . .  right  and  left  of  the  crown.  Their 
positions  are  found  as  follows :  draw  a 
horizontal  through  m,  and  lay  off  on  it, 
the  numbers  in  column  C ;  the  first  table 
referring  to  the  left  half  of  the  arch,  the 
last  table  to  the  right  half. 

From  the  points  so  found,  draw  verti- 
cal lines  to  intersection  with  mo,  pro- 
duced if  necessary ;  which  thus  give  the 
points  where  the  inclined  thrust  at  m  is 
to  be  combined  with  the  weight  from  the 
crown  to  any  joint,  to  find  the  resultant 
on  that  joint ;  whose  intersection  with  it 
is  thus  the  center  of  pressure  for  that 
joint. 

Thus,  P,  acts  25'  to  left  of  m :  lay  off 
25'  on  the  horizontal  through  m,  then 
drop  a  vertical  to  intersection  b  with  mo  ; 
then  draw  ba  \\  m8  of  force  line  for  left 
of  arch,  to  find  a  the  center  of  pressure 
for  joint  8.  Similarly  d  and  dc  are 
found  for  joint  8  on  the  right.  These 
should  be  the  first  constructions  made  to 
test  the  values  of  P  and  L  found,  which 
correspond  to  the  line  of  pressures  pass- 
ing through  a,  m  and  c. 

The  line  of  pressures  thus  drawn 
passes  below  the  middle  third  of  the 
arch  ring,  on  the  unloaded  side,  the 
following  amounts  in  feet:    at  joints  2, 

3,  4,  5  and  6,  .3,  .4,  .3,  .2  and  .1  respect- 
ively ;  it  then  crosses  the  arch  ring, 
passes  above  the  middle  third  about 
joint  12,  and  cuts  the  springing  joint 
4.5  feet  outside  of  the  arch  ring. 

On  the  loaded  side  it  passes  above  the 
middle  third  0.1  at  joints  4  and  5  ;  then 
across  the  center  line  and  is  just  tangent 
to  the  lower  middle  third  limit  at  joint 
10,  below  which  it  again  crosses  the  arch 
ring  and  passes  into  the  abutment,  cut- 
ting joint  16  about  3  feet  outside  of  the 
arch  ring. 

46.  On  the  unloaded  side  this  curve 
below  joint  8  follows  very  closely  the 
curve  drawn  in  fig.  6 ;  so  that  if  hori- 
zontal forces,  as  large  as  the  ones  sup- 
posed supplied  by  the  spandrels  by  Ean- 
kine's  construction  are  applied  here,  the 
line  of  pressivres  will  coincide  nearly 
with  the  center  line.  On  the  loaded  side 
the  line  of  pressures  touching  the  lower 
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middle  third  limits  at  joints  9  and  10 
would  be  forced  too  far  in  by  the  sup- 
posed horizontal  thrusts.  As  mentioned 
in  art.  39,  this  spandrel  thrust  is  proba- 
bly much  less  than  given  by  the  above 
construction ;  thus  if  c  is  at  the  center 
about,  and  a  at  the  lower  limit,  the 
thrust  at  the  crown  being  raised  slightly 
above  the  center,  the  spandrel  thrusts, 
necessary  to  keep  this  line  of  pressures 
within  the  middle  third  say,  are  nearer 
the  true  ones  than  as  given  by  the  pre- 
vious construction.  It  seems,  at  pres- 
ent, impossible  to  locate  exactly  the  true 
curve  of  pressures  when  spandrel  thrusts 
are  exerted. 

47.  If,  however,  the  abutments  are 
large  enough  and  unyielding,  and  the 
spandrels  sufficiently  strong  to  resist  the 
thrust,  the  arch  cannot  fail  by  the  sink- 
ing of  the  crown,  which  is  the  usual 
method  of  failure  of  full  center  arches. 
Thus  Gauthey  says  (see  extract  in 
Haupt's  Bridges,  p.  126),  "let  ovc',  Fig.  7, 


s        Fis.  7 


be  the  intrados  of  any  arch,  whether 
semicircular,  elliptical,  gothic  or  com- 
posite. Let  D  be  the  crown  of  the 
extrados,  or  back  of  the  arch,  which  is 
supposed  to  be  filled  up  level  with  the 
haunches  at  ??i  and  ml.  If  a  weight  be 
placed  upon  the  crown  too  great  for  it  to 
Dear,  it  yields,  and  the  arch  stones  open 
beneath  at  the  crown,  while  the  extrados 
is  found  to  open  at  some  point  on  each 
side ;  either  at  the  spring,  if  it  be  a  flat 
arc  of  a  circle,  or  about  30  degrees  of  a 
semicircle,  or  at  various  other  jDoints  if 
it  be  composed  of  arcs  of  circles,  tangent 
to  each  other,  and  of  various  rises, 
whether  ^  or  4.-  or  ^  of  the  span  ;  and  the 
arch  only  falls"  (italics  our  own)  "by 
pushing  aside  the  abutments  at  C  and  C, 
the  opening  at  R  extending  itself  up  to 
the  top  at  7n  and  m'.  It  has,  moreover, 
been  observed  that  when  the  abutment 
gives  way,  it  leaves  a  portion  of  itself 


standing,  viz.,  XKS,  the  line  XK  being 
at  an  angle  of  45°  with  the  horizon, 
which  only  adheres  by  the  strength  of 
the  mortar  or  cement  made  use  of." 

This  last  fact  should  be  observed  in 
designing  pillars  of  any  kind.  The  line 
of  pressures  for  the  kind  of  rotation  just 
mentioned  is  shown  by  the  dotted  fine. 

If  the  arch  ring  has  a  very  small  depth 
some  of  the  voussoirs  may  crush ;  or 
again,  the  arch  may  fail  by  rotation  by 
the  c7'0W7i  risi7ig  and  the  haunches  fall- 
ing in,  as  in  the  bridge  over  the  Tafe 
(see  art.  51).  Eccentric  loads,  as  we 
saw  in  Part  1,  cause  the  haunch  under 
them  to  fall,  and  the  opposite  one  to  rise. 
In  these  cases  the  rising  of  the  crown — 
we  repeat,  the  only  way  in  which  a  bridge 
can  fail  with  solid,  immovable  abutments, 
and  spandrels  sufficient  to  resist  the 
thrust  against  them — tends  again  to  re- 
lieve the  spandrels  of  a  certain  amount 
of  strain,  thus  causing  the  curve  of 
pressure  to  rise  at  the  crown,  with  a  less 
horizontal  thrust,  and  thus  partially 
counteract  the  tendency  towards  rota- 
tion about  the  intrados  at  the  crown. 

The  depth  of  voussoir,  in  this  case, 
can  only  be  determined  by  an  empirical 
rule  founded  on  practice,  as  given  below. 
A  rolling  load  evidently  causes  different 
spandrel  resistances  from  the  dead  load, 
though  Kankine's  construction  does  not 
make  any  difference  for  the  unloaded 
side  ;  another  proof  of  the  incompleteness 
of  his  theory. 

48.  Let  us  investigate  the  part  amc 
of  the  bridge  as  though  it  was  a  seg- 
mental bridge,  resting  upon  fixed  abut- 
ments at  a  and  c.  It  is  only  needful  to 
examine  it  for  an  eccentric  load  (see 
Part  I.)  Pass  a  curve  of  pressures 
through  the  upper  middle  third  limit  at 
joint  8  on  the  left,  the  lower  limit  at 
joint  8  on  the  right,  and  1.25  ft.  above 
the  intrados  at  the  crown  joint.  We 
find  on  a  drawing  of  3  ft.  to  the  inch, 
^=39.25,  #2=38.48,  a,  =  14.25,  a,  =  14. 58, 
^=17.16  and  £>2  =  17.81.  As  before,  P,= 
475.3,  Pa=611.3:  whence,  by  eq.  7, 

P=23.8,  Q=449.1. 

The  line  of  pressures  drawn  with  these 
values  keeps  everywhere  within  the  mid- 
dle third,  barely  touching  the  lower 
limit  at  joint  2  on  the  left,  and  passing 
0.16  ft.  inside  of  upper  limit  at  joint  3  on 
the  right,  and  corresponding   (art.    27) 
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nearly  to  the  maximum  and  minimum  of 
the  thrust  in  the  limits  chosen. 

The  span  of  this  arch  is  75.45  feet,  its 
rise  being  17.2  feet,  between  ^  and  \  of 
the  span.  The  deformation  is  small  for 
this  segmental  bridge,  so  that  the  span- 
drel resistance  may  be  neglected,  or 
rather  regarded  as  simply  adding  to  the 
stability  of  the  bridge,  already  safe,  unless 
from  the  dynamical  effects  of  moving 
loads.  Concentrated  loads  on  one  side 
(as  in  art.  12,  Part  I.)  should  next  be 
tried,  in  positions  that  cause  the  most 
hurtful  effects.  This  influence,  together 
with  the  influences  of  art.  28,  may  cause 
an  increase  of  depth  of  arch  ring  of  half 
a  foot  over  the  three  feet. 

49.  Recurring  to  the  semi-circular  arch, 
Fig.  6,  it  is  evident  that  for  an  unsym- 
metrical  load,  the  spandrel  on  the  oppo- 
site side  to  the  load  will  exercise  a  thrust 
for  a  greater  height  above  the  springing 
than  for  a  uniform  load,  as  compare  the 
line  of  pressures  in  the  two  cases. 

It  may  be  asked,  why  does  not  the 
part  of  the  arch  below  the  joint  of  rupt- 
ure, a,  Fig.  6,  act  as  a  part  of  the  abut- 
ment simply  ;  so  that  if  the  part  amc  sat- 
isfies the  conditions  of  stability,  when  it 
is  treated  as  a  segmental  bridge,  why 
should  not  the  whole  bridge  be  stable  ? 

Rayikine's  empirical  formulae  for  the 
depth  of  keystone,  ^cr,  r  being  the  radius 
of  the  arch,  and  c  a  constant,  seems  to  be 
founded  on  such  a  hypothesis  ;  for  by  it, 
the  depth  of  keystone  is  the  same  for 
spans  of  any  length,  provided  the  radius 
is  the  same.  Thus,  if  ?-=50  feet,  as  in 
Fig.  6,  this  depth  is  the  same  for  any 
span  between  100  and  0  feet ! 

The  above  query  may  be  answered 
thus :  the  actual  line  of  pressures  in  an 
arch  bridge  like  Fig.  6,  is  dependent 
upon  the  form  of  the  arch  below  the 
points  a  and  c,  since  the  deformation  of 
this  party  induces  the  spandrel  thrusts 
(art.  37)  which  influences  the  position  of 
the  true  line  of  pressures. 

In  fact,  suppose  that  the  line  found  in 
Fig.  6,  on  the  supposition  of  no  spandrel 
thrusts,  to  be  the  true  one  for  a  seg- 
mental bridge  amc  of  span  ac :  by  the 
reasoning  of  art.  46,  the  actual  spandrel 
thrusts  exerted  below  c  would  force  this 
line  out  of  the  middle  third,  certainly, 
and  most  probably  out  of  the  arch  ring, 
whereas,  the  spandrels  are  supposed  to 
allow  no  joints  to  open  at  least.     Traut- 


wine's   empirical   formulse   for  depth  of 
key  in  feet,  d,  is, 


V^  +  half  span 

a — +-^> 

4 

and  is  more  agreeable  to  theory  than 
Rankine's  ;  although  for  railroad  bridges 
it  gives  too  small  values  ;  at  least  for 
bridges  of  50'  to  75'  span,  and  rises  \  to 
\  span,  as  for  the  two  segmental  bridges 
examined  in  art.  48,  and  in  Part  I.,  art. 
12.  It  is  evident  again,  from  the  reason- 
ing of  art.  28,  that  it  would  be  advisable 
to  increase  the  depth  of  arch  ring,  the 
smaller  the  ratio  of  width  to  height  of 
abutments ;  and  by  the  same  rule,  an 
arch  in  a  series  should  have  a  greater 
depth  of  voussoirs,  as  recognized  in 
Rankine's  rule  for  that  case. 

50.  Having  resigned  the  above  arch, 
that  requires  a  spandrel  thrust  to  keep  it 
from  falling,  to  the  domain  of  empiricism, 
it  may  be  asked,  if  by  some  device  of  con- 
struction, whether  it  may  not  be  brought 
within  the  limits  of  a  strict  investigation? 
Plainly,  if  the  depth  of  arch  stones  be  in- 
creased towards  the  abutments,  so  that  a 
line  of  pressures,  with  a  constant  horizon- 
tal thrust,  can  always  be  inscribed  within 
the  middle  third,  the  arch  will  be  stable  ; 
and  the  spreading  will  be  so  much  dimin- 
ished that  the  arch  will  require  but  little 
sj)andrel  thrust  to  cause  stability,  so  that 
its  influence  may  be  neglected  in  con- 
structing the  line  of  pressures. 

This  increase  in  the  depth  of  arch 
stones  is  earnestly  recommended;  as 
well  as  the  continuation  of  the  arch  ring 
into  the  abutment,  when,  as  in  segmental 
bridges,  there  is  some  danger  of  shding 
at  the  springing. 

If  necessary,  the  increase  in  depth  of 
the  arch  ring  may  be  made  up  of  several 
stones.  They  should,  of  course,  break 
joint  with  stones  above  and  below  them, 
and  be  well  bonded  with  the  spandrels. 


The  last  pier  of  the  first  fixed  bridge 
across  the  Lira  Fjord,  an  arm  of  the  sea 
stretching  right  across  the  Danish  conti- 
nent from  east  to  west,  has,  according  to 
recent  news,  now  been  completed.  The 
new  bridge  will  connect  Aalborg  on  the 
south  side  of  the  Fjord,  with  Norresund- 
by  on  the  north,  and  it  is  thought  that  it 
will  be  opened  for  traffic  during  the 
autumn. 
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ELECTRIC  LIGHTING. 

Compiled  from  various  sources. 


When  Davy,  in  1813,  first  produced 
the  electric  light  between  the  charcoal 
points  of  two  conducting-  wires,  it  was  at 
once  proposed  to  use  it  for  all  the  vari- 
ous ptu'poses  of  illumination,  simply  be- 
cause in  volume  of  light  it  excelled  all 
other  known  sources  of  light.  But  it 
became  soon  evident  that  great  obstacles 
presented  themselves  to  the  general 
application  of  this  light.  Davy  had  used 
for  its  production  a  gigantic  galvanic 
battery  of  2,000  elements ;  the  lengths  of 
charcoal  were  quickly  consumed  in  the 
enormous  heat  of  the  arc  of  light,  and 
had  to  be  moved  towards  each  other,  if 
the  light  was  not  to  be  extinguished,  in 
the  same  degree  as  they  were  consumed ; 
and,  finally,  the  light  was  concentrated 
upon  a  small  space,  the  attempt  of  divid- 
ing it  into  several  lights  having  also 
failed.  A  step  in  advance  was  made 
when,  using  stronger  acids,  new  elements 
were  constructed  which  gave  more  pow- 
erful currents  ;  it  was  possible  to  pro- 
duce with  from  forty  to  fifty  of  such  ele- 
ments a  beautiful  electric  light ;  and  the 
efforts  were  successful  of  maintaining,  by 
means  of  the  current  itself  and  the  clock- 
work suitably  connected  with  it,  the 
charcoal  points  at  the  distance  required 
for  the  sirpply  of  a  continuous  light  for 
hours  without  manual  intervention.  But 
notwithstanding  the  great  improvement 
of  the  galvanic  elements,  the  cost  of  the 
light  produced  by  them  was  still  too 
great,  and  the  management  of  the  bat- 
teries too  troublesome,  for  its  general 
practical  application  for  the  purposes  of 
illumination  to  be  thought  of.  Its  use 
was  confined  to  some  scientific  purposes, 
and  the  occasional  production  of  great 
effects  of  light  in  theatres,  &c. 

Faraday,  in  1831,  found  a  new  way  of 
generating  electrical  currents,  by  moving 
magnetic  poles  towards  closed  wire  coils, 
or  vice  versa,  and  since  then  opened  out 
to  physicists  and  engineers  a  new,  wide 
field  to  produce  by  the  suitable  con- 
struction of  magnetic  machines  powerful 
electrical  currents,  and  with  these  the 
electric  light  without  batteries,  conse- 
quently in    a    purely    mechanical    way. 


Step  by  step  progress  was  made  in  this 
direction,  while  on  the  other  hand  it  was 
tried  to  improve  the  electric  lamps,  with 
a  view  of  keeping  the  charcoal  rods  at 
the  same  distance  during  combustion. 
Already  in  1850,  we  find  both,  the  mag- 
netic machine  and  the  electric  lamp,  im- 
proved to  such  a  degree  as  to  provoke 
serious  thought  of  applying  the  electric 
light  to  lighthouses,  for  illuminating 
large  spaces  of  ground  for  war  purposes, 
&c;  and  yet  it  was  not  until  the  end  of 
1863  that  the  first  electric  light  was 
shining  inathe  lighthouse  of  Cape  la  Heve, 
near  Havre. 

In  the  meantime,  Dr.  W.  Siemens,  of 
Berlin,  already  then  well  known  for  his 
eminent  services  rendered  to  telegraph 
engineering,  had  invented  his  induction 
cylinder,  and  had  employed  it  both  for 
the  working  of  the  telegraph  and  in  the 
construction  of  a  new  magnetic  machine, 
small  but  powerful;  and  Wilde  (1866) 
undertook  to  make  use  of  the  Siemens 
machine  in  combination  with  a  steam- 
engine  of  fifteen  horse-power  in  such  a 
manner  as  to  be  able  to  produce  elec- 
trical currents  and  the  electric  light  of  a 
power  until  then  never  thought  of.  But 
Wilde's  machine  was  very  expensive  both 
as  regards  construction  and  working, 
and  found  but  little  favor  in  conse- 
quence.* 

In  the  same  year,  Dr.  Siemens  dis- 
covered the  dynamo-electrical  principle, 
or  the  manner  of  changing  any  descrip- 
tion of  mechanical  work  without  steel 
magnets  into  electrical  currents.  It  is 
well  known  that  there  are  no  different 
descriptions  of  forces  in  nature,  but  only 
various  forms  of  one  and  the  same  funda- 
mental force,  the  essence  of  which  is 
movement,  either  the  movement  of  larger 
bodies  (mechanical  work)  or  the  move- 
ment of  the  smallest  particles  and 
the  ethereal  body  of  the  universe  (heat, 
light,  electricity).  For  that  reason  it  is 
possible  to  transform  any  of  these  forms 
of  force — for  instance,  the  muscular  pow- 


*  Mr.  Wilde  has  obtained  on  interim  injunction,  re- 
straining Messrs.  Wells,  of  Shoreditch,  from  using  the 
light  which  they  have  adopted  at  their  premises,  on  the 
ground  that  it  involves  an  infringement  of  his  patent. 
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er  of  living  beings,  steam-power,  water- 
power — into  heat  or  light  or  electricity. 
With  this  invention  of  Siemens,  galvanic 
batteries  were  doomed,  and  a  means 
offered  to  engineers  of  producing  elec- 
trical currents  of  a  power  hitherto  un- 
known, and  on  proportionately  small  ma- 
chines. 

Of  the  various  magneto-electric  ma- 
chines that  have  been  brought  forward, 
that  of  M.  Gramme  is  the  most  generally 
used.  As  soon  as  his  machine  became 
practicable,  an  English  company  pur- 
chased the  English  and  American  pat- 
ents,  the  Societe  d'  Encouragement 
awarded  a  gold  medal  to  the  inventor, 
and  a  large  number  of  manufacturers 
ordered  the  apparatus.  The  exhibitor 
has  been  awarded  prizes  at  the  exhibi- 
tions of  Lyons,  Vienna,  Moscow,  Linz, 
and  Philadelphia;  and  now  about  500 
machines  of  his  construction,  with  mag- 
nets or  electro-magnets,  have  been  deliv- 
ered, and  the  demand  for  them  is  still 
increasing.  Electric  lighting,  which  be- 
fore M.  Gramme's  invention  did  not 
exist,  speaking  industrially,  is  at  the 
present  day  within  the  domain  of  things 
practical.  It  is  not  within  our  scope  to 
give  a  detailed  description  of  his  ma- 
chine ;  it  is  sufficient  for  our  purpose  to 
state  that  it  furnishes  continuous  elec- 
tric currents,  the  direction  and  intensity 
of  which  may  be  changed.  The  electric 
current  having  been  generated  is  con- 
ducted through  an  insulated  wire  to  a 
perpendicular  rod  of  retort  carbon,  the 
point  of  which  is  placed  exactly  above 
the  point  of  a  similar  rod,  the  distance 
between  the  points  being  less  than  a 
quarter  of  an  inch.  This  intervening- 
space  is  the  electric  arc,  and  the  current 
passing  through  that  interval  from  the 
rod  above  to  that  below  heats  the  points 
to  a  state  of  intense  incandescence,  pro- 
ducing the  electric  light.  The  current 
passing  only  in  one  direction — -from  the 
upper  or  positive  pole  to  the  lower  or 
negative  pole — consumes  the  positive  at 
doixble  the  rate  of  the  negative,  and  con- 
sequently the  distance  between  the 
points  has  to  be  continually  readjusted 
by  clockwork  and  a  magnet,  constituting 
the  regulator  or  electric  lamp. 

Davy  made  use  of  rods  of  wood  car- 
bon extinguished  in  water  or  mercury. 
They  burned  with  great  brilliancy  and 
very  regularly,  but  they  were  consumed 


very  rapidly,  so  as  to  be  useless  for  prac- 
tical purposes.  Now  retort  carbon,  the 
deposit  collected  from  the  walls  of  gas 
retorts,  is  employed.  It  is  much  more 
dense  than  wood  carbon,  and  resists  for 
a  long  time  the  destructive  action  of  the 
voltaic  focus.  Here,  also,  there  is  room 
for  improvement,  for  retort  carbon  is  not 
all  that  could  be  desired,  but  it  gives 
satisfactory  results  in  most  of  its  appli 
cations. 

The  best  known  apparatus  for  regu- 
lating the  consumption  of  the  carbons 
are  those  of  Archereau,  Lacassagne  and 
Thiers,  Gaiffe,  Foucault  and  Duboscq, 
Hefner-Alteneck,  and  Serrin.  The  first 
two  are  no  longer  in  use. 

By  the  side  of  the  electric  lamp  with 
regulating  apparatus  for  the  carbon  rods 
as  they  become  consumed,  Jablochkoffs 
candle  has  also  become  the  material  for 
electric  lighting.  M.  Jablochkoffs  light 
completely  suppresses  the  regulator.  His 
invention  was  presented  to  the  Academy 
of  Sciences  in  October,  1876.  The  car- 
bons, instead  of  being  opposed,  are 
placed  side  by  side,  and  are  separated  by 
an  insulating  fusible  substance.  When 
the  current  begins  to  pass,  the  voltaic 
arc  plays  between  the  ends  of  the  car- 
bons. The  layer  of  insulating  matter 
melts,  volatilises,  and  the  double  rod  of 
carbon  slowly  consumes,  exactly  as  the 
wax  of  a  candle  progressively  exposes  its 
wick.  M.  Jablockkoff  now  burns  in  his 
candles,  as  they  are  called,  powdered 
asbestos.  It  seems  as  if  the  interesting- 
labors  of  M.  Jablochkoff  will  have  prac- 
tical result,  and  that  they  will  increase 
the  domain  of  electric  lighting,  for  his 
lamps  are  now  largely  used.  In  Paris, 
besides  numerous  larger  electric  lamps, 
at  the  present  time,  there  are  burning 
many  Jablochkoff  candles,  of  which  we 
may  mention  eight  on  the  Place  de  1' 
Opera,  twenty-four  in  the  Avenue  de  1' 
Opera,  eight  on  the  Place  du  Theatre 
Erancais,  six  at  the  Palais  Bourbon  along 
the  front  facing  the  Place  de  la  Concorde, 
seventy  ha  the  Grands  Magasins  du 
Louvre,  eight  in  the  shops  of  the  Belle 
Jardiniere,  sixty  in  the  Concert  de  1' 
Orangerie  des  Tuileries,  thirty-two  in  the 
interior  of  the  Hippodrome. 

Returning  to  the  Gramme  machine,  it 
appears  that  the  first  light  machine  con- 
structed by  M.  Gramme  fed  a  regulator 
of  900  Carcel  burners :  its  total  weight 
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was  over  2,000  lbs.  This  machine  served 
for  a  long  time  for  the  experiments  on 
the  clock-tower  of  the  Houses  of  Parlia- 
ment at  Westminster,  The  fault  found 
with  this  machine  was  that  it  became 
heated,  aad  gave  sparks  between  the  me- 
tallic brushes  and  the  bundle  of  con- 
ductors on  which  the  current  was  col- 
lected. This,  however,  has  not  given 
rise  to  any  serious  inconvenience  during 
five  years.  M.  Gramme's  next  machine 
was  less  powerful,  of  a  power  of  only  500 
burners,  and  consequently  of  smaller  di- 
mensions. When  a  current  is  sent  into 
two  regulators,  each  will  give  150  Carcel 
burners.  This  apparatus  has  been  intro- 
duced on  board  the  Snffren  and  the 
Richelieu,  of  the  French  navy;  on  the 
Liuadia  and  the  Peter  the  Great,  of  the 
Russian  Navy ;  it  is  employed  by  several 
Governments  for  service  in  fortified 
places.  This  machine  is  described  as  ex- 
cellent, but  its  luminous  intensity  is 
slightly  feeble  when  the  atmosphere  is 
foggy;  its  price,  however,  is  somewhat 
high.  The  inventor  has  improved  upon 
this  machine,  and  constructed  one  which, 
when  coupled  in  tension,  gives  a  lumin- 
ous intensity  of  800  Carcel  burners  at 
700  revolutions  per  minute,  and,  if 
coupled  in  quantity,  2,000  Carcel  burners, 
with  1,350  revolutions  per  minute.  It 
has  been  adopted  by  the  French  Ministry 
of  War,  by  the  Austrian  navy  and  artil- 
lery, by  the  Norwegian,  Turkish,  and 
other  Governments.  By  further  simpli- 
fication, M.  Gramme  has  been  able  to  in- 
troduce a  machine  most  suited  for  indus- 
trial purposes,  large  workshops,  and 
large  covered  spaces. 

As  has  already  been  remarked,  the 
electric  light  may  be  advantageously  em- 
ployed in  a  large  variety  of  works,  for  it 
admits  of  obtaining  a  great  quantity  of 
light  at  a  small  expense.  By  its  means, 
the  loading  and  unloading  of  cargoes, 
the  mounting  of  machinery,  carpentry, 
weaving,  dyeing,  and  similar  trades  may 
be  carried  on  by  night  just  as  well  as  in 
broad  daylight.  It  is  necessary,  however, 
to  employ  two  machines,  in  order  that 
the  light  of  the  one  should  counteract 
the  shades  thrown  by  the  other.  It  has 
been  found  by  experience  that  the  naked 
light  may  be  employed,  the  workmen 
themselves  having  asked  for  the  removal 
of  the  opal  globes  which  it  was  thought 
at  first  necessary  to  usa.     The  electric 


light  preserving  the  tints  of  colors,  .this 
property  has  been  utilized  with  success 
by  several  dyers  for  standardizing  their 
colors  by  night. 

The  electric  light  is  most  effective  for 
high  rooms ;  when  ceilings  are  of  a  less 
height  than  twelve  feet  its  introduction 
becomes  more  difficult.  As  a  rule,  there 
may  be  conveniently  lighted  with  a  single 
apparatus  about  5,000  square  feet  of 
fitters'  shops,  lathe-shops,  tool-shops,  and 
modeling-rooms  ;  half  that  space  in  spin- 
ning-mills, weaving  establishments,  and 
printing-rooms  ;  and  about  20,000  square 
feet  of  yard,,  court-yard,  dock-yard,  quay, 
and  open  air  works. 

In  a  country  like  the  British  Isles, 
where  the  safety  of  the  mercantile  marine 
and  the  navy  depends  so  very  much 
upon  the  amount  of  security  with  which 
ships  may  enter  ports,  and  the  care  be- 
stowed upon  keeping  up  an  effective 
system  of  lighthouses  to  warn  the  navi- 
gator against  approaching  dangerous 
coasts,  the  electric  light  would  be  sure  to 
prove  a  welcome  auxiliary  in  effecting 
those  objects;  and  so  in  reality  it  has, 
being  now  employed  at  many  of  the  sta- 
tions. It  renders  visible  at  night,  at 
distances  varying  from  2,000  to  6,000 
yards,  objects  such  as  buoys,  ships, 
coasts,  etc.  The  electric  light  was  first 
applied  to  lighthouses  in  1863.  In  that 
year  trial  was  made  with  an  Alliance 
machine  at  the  lighthouse  of  La  Heve, 
near  Havre,  the  results  being  so  satisfac- 
tory that  no  doubt  all  lighthouses  would 
have  been  provided  with  the  new  light 
if  the  question  of  expense  had  not  stood 
in  the  way.  It  has  been  stated  that  the 
electric  light  is  seen  at  least  five  miles 
farther  than  the  oil-light,  and  that  in 
hazy  or  foggy  weather  the  range  of  the 
light  is  twice  as  great  with  the  former  as 
with  the  latter. 

In  England,  official  opinion  was  at 
first  against  the  introduction  of  the  elec- 
tric light  in  lighthouses,  on  account  of 
the  peril  of  interruption;  but  this  has 
been  overcome.  There  are  now  electric 
lighthouses,  besides  those  of  England 
and  France,  in  Russia,  Austria,  Sweden, 
and  Egypt.  Everywhere  their  action  is 
pronounced  satisfactory.  Hitherto  ma- 
chines of  only  200  Carcel  burners  have 
been  tried;  but  it  is  stated  on  good 
authority,  that  the  French  Administra- 
tion of  Lighthouses  are  about  to  experi- 
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ment  with  a  Gramme  machine  of  2,000 
burners.  This  machine,  probably,  will 
greatly  enhance  the  advantages,  already 
recognized,  of  electricity  over  oil,  and 
will,  perhaps,  determine  a  radical  change 
in  the  existing  illumination  of  light- 
houses. 

The  lighting  of  works  by  night  is 
highly  interesting.  The  Spanish  North- 
ern Railway,  after  trial,  used  the  light  as 
early  as  1862  in  the  works  proceeding 
in  the  Guadarama  mountains.  The  ex- 
pense per  hour  for  material  consumed 
was  2.90  francs  per  lamp ;  the  saving 
effected  upon  the  use  of  torches  was  60 
per  cent.  The  light  has  also  rendered 
important  services  in  the  mines  of  Guada- 
rama. The  air  became  so  vitiated  in 
the  workings  by  the  explosions  of  charges 
and  the  combustion  of  the  miners'  lamps 
that  the  ordinary  lamp  would  not  burn. 
When  a  Serrin's  regulator  was  sent 
down,  a  complete  change  took  place, 
respiration  "  becoming  as  easy  as  in  the 
open  air,"  the  lamps  remaining  alight. 
Amongst  open-air  works  may  also  be 
cited,  as  executed  by  the  aid  of  the  elec- 
tric light,  those  of  Fort  Chavagnac  at 
Cherbourg,  of  the  Chemin  de  Fer  du 
Midi,  the  reservoirs  of  Menilmontant, 
the  building  for  the  Moniteur  Universel, 
and,  more  recently,  those  of  Havre  har- 
bor and  docks,  the  Exhibition  of  1878  in 
the  Trocadero,  the  Avenue  de  l'Opera, 
the  Grands  Magasins  du  Louvre,  and 
other  establishments. 

With  respect  to  the  introduction  of  the 
electric  light  on  board  ships,  the  experi- 
ments carried  on  board  I?  Amerique,  one 
of  the  steamers  of  the  Compagnie  Gen- 
erale  Transatlantique,  were  so  conclusive 
that  it  seemed  as  if  nothing  could  oppose 
the  immediate  adoption  of  the  electric 
light  on  all  vessels,  for  it  is  satisfactorily 
proved  that  the  chief  number  of  collisions 
result  from  the  difficulty  which  captains 
experience  in  estimating  the  exact  jDosi- 
tion  of  an  approaching  vessel.  Yet  it 
will  be  only  gradually  that  the  electric 
light  will  take  possession  also  of  the 
ocean.  Quite  recently,  the  electric  light 
has  been  introduced  into  the  British 
Navy.  The  electric  lighting  apparatus 
of  Messrs.  Wilde  &  Co.,  of  Manchester, 
which  has  been  tried  on  board  the  Alex- 
andria, Temeraire,  and  other  vessels, 
having  proved .  efficient,  the  order  has 
been  given  by  the  Admiralty  to  supply 


similar  apparatus  to  the  ironclads  North- 
umberland, Wari'ior,  Repulse,  Superb, 
Nelson,  the  steel  aviso  Iris,  and  the 
despatch  boat  Lively.  For  at  least  two 
years  the  introduction  of  the  Gramme 
machine  has  been  progressing  on  board 
the  war  vessels  of  the  French,  Danish, 
Russian,  and  Spanish  navies.  As  far  as 
we  know,  up  to  the  present  time,  no  dis- 
appointment has  been  experienced,  and 
increasing  labor  will  doubtless  improve 
the  first  arrangements  and  lead  to  still 
better  means. 

As  far  as  the  application  of  the  elec- 
tric light  to  military  operations  is  con- 
cerned, several  Governments  have  or- 
dered powerful  Gramme  machines  for 
the  defence  of  fortified  places.  An  ap- 
paratus specially  constructed  for  this 
purpose  has  been  adopted  in  France, 
Russia,  and  Norway.  From  trials  made 
at  Mont  Valerien  with  the  apparatus, 
and  a  special  projector,  it  resulted  that 
an  observer  at  the  side  of  the  apparatus 
could  see  objects  6,500  yards  distant, 
and  clearly  distinguish  details  of  con- 
struction at  5,500  yards.  M.  Gramme 
has  also  designed  a  machine  for  war- 
signaling  of  very  small  dimensions  that 
may  be  turned  by  hand.  The  French 
army  possesses  at  present  two  of  these 
machines. 

Very  little  attention  has  hitherto  been 
bestowed  upon  the  great  service  elec- 
tricity will  ultimately  render  in  lighting 
up  theatres  and  similar  places  of  places 
resort.  Besides  the  comparative  cheap- 
ness of  the  electric  light,  its  use  will  do 
away  with  the  expensive  fitting-up  neces- 
sitated by  gas.  The  great  drawback  to 
thorough  enjoyment  caused  by  the  flare 
and  heat  of  hundreds  of  gas-flames  will 
be  entirely  removed.  No  longer  broiled 
and  heated  up  to  almost  fever  point,  we  ' 
shall  be  able  to  sit  in  comfort  and,  more 
than  that,  perfect  safety  against  that 
most  awful  of  all  calamities,  a  fire  in  a 
theater,  or  even  a  panic  such  as  quite  re- 
cently occurred  at  Liverpool.  Panics 
will  be  avoided ;  for  people  will  soon 
come  to  know  that  fire  from  electric  light 
is  impossible.  We  were  forcibly  re- 
minded of  the  great  danger  to  which 
audiences  are  now  exposed  during  a  re- 
cent visit,  on  a  Saturday  evening,  to  the 
Covent  Garden  promenade  concerts. 
We  pictured  to  ourselves  the  scene  that 
would   ensue   if,   during    one    of    those 
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crowded  performances,  the  mass  of  in- 
flammable material  which  has  been  piled 
np,  in  addition  to  what  is  already  stored 
there — with  the  evident  endeavor  to 
"  decorate"  the  place — were  to  catch  fire; 
it  required  bivt  a  little  fancy  to  conjure 
np  a  picture  of  an  Inferno  to  which  noth- 
ing was  wanting.  With  the  electric  light, 
on  the  contrary,  we  should  have,  instead 
of  a  sweltering,  gasping  multitude,  an 
audience  able  to  enjoy  the  musical  or 
dramatic  fare  set  before  it.  As  yet,  how- 
ever, little  progress  has  been  made  in  the 
employment  of  the  electric  light  inside 
theaters. 

v  What  is  said  of  theaters  applies  with 
even  greater  force  to  places  of  public 
worship.  Let  any  one  who  doubts  this 
attend  on  a  sultry  evening  at  such  popu- 
lar churches  as  the  Metropolitan  Taber- 
nacle, or  at  Mr.  Newman  Hall's  church, 
■  or  even  the  City  Temple,  where  the  ven- 
tilation is  said  to  have  been  recently  im- 
proved. The  heat  in  all  those  places  is 
simply  unbearable ;  yet  people  are  ex- 
pected to  worship  under  such  conditions. 

For  these  reasons,  it  seems  to  us,  that 
the  reform  pointed  out  will  not  be  long 
before  it  is  introduced,  especially  as  more 
perfect  machines  for  producing  the  light 
are  to  be  had.  In  Paris,  experiments 
have  recently  been  made  for  lighting  up 
the  interior  of  the  Opera,  with  a  view  of 
preserving  the  paintings  with  which  the 
walls  of  the  foyer  are  covered.  The  gen- 
eral opinion  expressed  was  favorable  to 
its  employment. —  The  Builder. 

Of  the  present  state  of  progress  in  this 
country,  the  Tribune,  of  Nov.  16th,  .says  : 

The  situation  in  regard  to  the  electric 
light  at  this  time  resembles  in  a  marked 
manner  the  state  of  things  when  engi- 
neers were  trying  to  make  a  ship  go  by 
steam  power.  For  forty  years  after  the 
close  of  the  Eevolutionary  War  in  Ameri- 
ca, hundreds  of  ingenious  minds  were 
busily  at  work  trying  to  solve  the  prob- 
lem of  the  application  of  steam  power 
to  propulsion.  The  United  States,  Eng- 
land and  France  were  foremost  in  the 
study  of  the  matter,  as  they  are  at  pres- 
ent in  the  field  of  electric  lighting.  It 
is  not  extravagant  to  say  that  a  thousand 
forms  of  banks  of  oars,  paddle-wheels, 
screw  propellers,  power  pumps,  and 
other  devices  for  making  a  boat  go,  were 
invented,  cast  aside,  taken  up  again  and 
again,  re-invented  by  men  who  were  not 


aware  of  what  had  been  already  thought 
of  and  pondered  over,  during  that 
period  of  forty  years,  until  out  of  the 
whole  vast  throng  of  crude  notions  the 
world  finally  decided  upon  two  forms  of 
propelling  apparatus  as  practical,  and 
put  them  into  general  use  throughout 
the  field  of  marine  engineering.  Exact- 
ly the  same  thing  is  going  on  now  with 
reference  to  electric  lighting.  Since 
1845,  when  the  voltaic  arc  emerged  from 
the  laboratory  as  a  thing  which  could 
possibly  be  put  to  practical  use,  the  prob- 
lem of  the  electric  light  has  enlisted 
the  attention  of  a  large  number  of  able 
men  in  Europe  and  America.  Experi- 
ments have  been  making  in  hundreds  of 
laboratories.  Valuable  ideas  have  been 
occasionally  hit  upon  and  patented,  and 
every  ten  years  or  so,  the  announcement 
has  been  made  that  the  means  for  sub- 
dividing the  electric  light  has  been 
found,  and  the  attention  of  the  world  has 
been  riveted  for  a  while  upon  some  new 
lamp  which  has  run  a  brief  course  of 
popularity,  and  then  has  dropped  out  of 
sight  never  to  be  heard  of  again,  until 
some  new  inventor  has  come  upon  the 
same  idea  and  brought  it  out  afresh,  be- 
lieving it  to  be  new.  No  doubt,  out  of 
this  busy  investigation  will  come  event- 
ually a  practicable  method  of  sub-divid- 
ing the  electric  light  for  domestic  uses, 
just  as  success  attended  the  study  of  pad- 
dle-wheel and  screw  propulsion.  Practi- 
cal modes  of  electric  lighting  on  a  large 
scale  have  already  been  found.  In  that 
direction  further  time  seems  to  be  neces- 
sary only  for  perfecting  the  details. 
Lighting  on  a  small  scale  is  yet  a  thing 
of  the  future,  unless  Edison  and  a  few 
others '  have  attained  to  it,  but  it  can 
hardly  be  doubted  that  success  will 
eventually  be  reached. 

Rmnor  asserts  that  Mr.  Edison's  plan 
is  the  revival  and  improvement  of  a  very 
old  one ;  that  of  rendering  platinum 
wires  incandescent  on  each  of  the  many 
branches  of  his  divided  circuit.  His 
invention  it  would  seem,  however,  has 
not  yet  passed  the  experimental  stage. 

Another  light  which  claims  atten- 
tion is,  the  so  called  Sawyer-Mann  light. 
It  is  produced  by  the  incandescence  of  a 
tiny  perpendicular  bar  of  carbon,  an  inch 
long  and  -fe  inch  in  diameter,  which  is 
sustained  in  place  by  two  large  thick 
bars,  arranged  one  above  the  other  hori- 
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zontally.  The  current,  in  passing  from 
one  large  carbon  bar  to  the  other, 
through  the  small  one,  encounters  great 
resistance.  It  heats  the  small  bar  to 
whiteness,  and  produces  a  light  of  the 
most  admirable  character.  It  is  white, 
mellow,  and  pleasing  to  the  eye,  and 
floods  a  room  with  a  radiance  resembling 
that  of  daylight.  The  blaze  in  the  Saw- 
yer lamp  can  be  turned  up  and  down 
just  like  a  gaslight.  In  ordef  to  prevent 
the  combustion  of  the  carbon,  which 
would  be  almost  instantaneous  in  the 
open  air,  the  lamp  is  enclosed  in  a  sealed 
glass  tube,  two  inches  in  diameter  and 
six  or  eight  high,  from  which  the  atmos- 
pheric air  has  been  expelled,  and  into 
which  nitrogen  or  some  similar  gas  has 
been  introduced.  Mr.  Sawyer  refuses  to 
state  at  present  exactly  what  the  compo-. 
sition  of  this  gas  is.  He  claims  simply 
that  it  will  preserve  the  carbon  from 
combustion  for  an  indefinite  length  of 
time.  The  lamps  are  very  handsome. 
Five  of  these  lights  are  now  on  exhibi- 
tion at  the  shop  of  the  inventor.  Three 
of  them  are  operated  each  by  a  branch 
from  the  main  wire.  The  two  others  are 
worked  by  one  branch. 

The  Eapieff  light  now  undergoing 
trial  in  London,  is  of  another  kind.  The 
voltaic  arc  is  produced  in  this  lamp 
between  four  carbon  rods,  arranged  in 
pairs,  each  pair  forming  the  letter  V. 
The  apices  of  the  Vs  meet  in  a  common 
center.  A  regulator  is  attached,  which 
maintains  the  carbons  at  an  invariable 
distance,  and  results  in  a  light  as  regular 
as  that  of  any  other  similar  lamp.  One 
of  the  carbons  of  this  patent  can  be 
removed  and  replaced  without  interrupt- 
ing the  current,  which  is  a  new  feature. 
Three  lights  are  maintained  in  one 
circuit. 

The  light  in  the  Brush  lamp  is  pro- 
duced by  the  voltaic  arc  between  two 
carbon  points,  which  are  kept  at  a  proper 
distance  from  each  other  by  a  special  de- 
vice of  the  inventor.  "When  more  than 
one  lamp  is  used  in  a  shop,  the  light  is 
practically  as  steady  as  that  of  gas.  The 
lamp  is  hidden  in  an  opalesque  globe 
which  softens  and  diffuses  its  radiance. 
The  carbons  last  for  fotu'teen  hours. 
The  light  costs  one-fifth  the  expense  of 
gas.  A  dispatch  from  Cleveland  says, 
that  a  new  Brush  machine  now  main- 
tains seventeen  strong  lights. 


In  the  Wallace  lamp  the  light  is  pro- 
duced between  the  edges  of  two  carbon 
plates,  which  will  last  one  hundred 
hours.  The  passage  of  the  current  con- 
sumes the  edges  of  the  two  plates  at  the 
point  where  they  are  the  nearest  to- 
gether, and  then  flies  off  along  the  crack 
that  separates  them  to  some  other  point, 
always  appearing  at  the  place  where  the 
plates  are  the  closest  together.  The 
flitting  of  the  voltaic  are  back  and  forth 
causes  the  light  to  nicker,  and  seems  to 
exclude  the  lamp  from  domestic  use. 
The  furnishing  of  a  shop  with  a  number 
of  them  results  in  a  partial  correction  of 
the  evil  of  nickering.  As  far  as  the  light 
which  falls  upon  the  work  which  is  going 
on  below  is  concerned,  it  seems  suffi- 
ciently steady  for  practical  use. 

The  Arnoux  &  Hochhausen  light,  and 
the  Weston  light,  which  is  on  exhibition 
at  the  Equitable  building,  both  employ 
the  voltaic  arc  between  carbon  points. 

In  the  Lontin  lamp  a  slender  rod  of 
carbon  is  kept  in  contact  with  a  slowly 
revolving  wheel,  touching  it  on  the  outer 
rim;  the  small  rod  is  kept  for  about  an 
inch  of  its  length  incandescent. 

Of  the  Werdermann  lamp  we  take  the 
following  account  from  English  sources.* 

This  gentleman  uses  carbon  electrodes, 
with  a  peculiarity  in  their  use,  which  is  of 
some  importance.  A  long  slender  rod  of 
carbon  is  secured  in  a  vertical  position, 
and  is  pointed  at  the  upper  extremity, 
which  impinges  against  the  under  side  of 
a  block  of  carbon  made  in  the  form  of  a 
thick  disc.  Thus  one  electrode  is-  a 
pointed  rod,  while  the  other  presents  a 
flat  surface.  In  regard  to  the  vertical 
rod  the  upper  part  only  is  in  the  circuit, 
and  the  length  of  this  portion  can  be  in- 
creased or  diminished  by  shifting  the 
collar  which  transmits  the  current.  The  ' 
rod  is  drawn  up  so  as  to  press  its  point 
against  the  under  sirrface  of  the  disc  by 
means  of  a  fine  cord  and  a  counter 
weight.  As  the  rod  burns  or  wastes 
away,  it  continues  to  be  drawn  up  so  as 
to  remain  in  contact  with  the  disc. 
When  the  current  passes,  that  portion  of 
the  carbon  rod  which  is  above  the  con- 
necting collar  becomes  incandescent,  and 
an  infinitesimally  small  electric  arc  is  also 
formed  at  the  spot  where  the  point  of 
the  rod  touches  the  flat  surface  above  it. 

*  Iron. 
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By  this  arrangement  the  waste  of  the 
upper 'electrode  is  exceedingly  slow,  and 
is  imperceptible  unless  extending  over  a 
period  of  at  least  some  few  days.  The 
rod  retains  its  pointed  form  during  the 
whole  period  of  its  combustion,  and  may 
be  several  feet  in  length.  At  a  recent 
trial  the  current  was  derived  from  a  small 
Gramme  electro-plating  machine,  requir- 
ing a  steam-engine  of  only  2  horse-power 
to  put  it  in  full  work.  It  may,  therefore, 
be  assumed  that  this  was  about  the  limit 
of  the  power  at  work  to  produce  the 
light.  At  the  commencement  of  the  pro- 
ceedings two  lights  were  maintained, 
each  stated  to  be  equal  to  three  hundred 
and  twenty  sperm  candles.  At  this  rate 
the  two  lights  would  be  equal  to  six 
hundred  and  forty  candles,  or  forty  full 
power  gas  lights,  each  consuming  5  cubic 
feet  of  sixteen-candle  gas  per  hour.  The 
two  lights  burned  with  extreme  steadi- 
ness, there  being  no  undulation  or  flick- 
ering whatever,  although  there  was  no 
glass  globe  to  tone  down  any  variations 
of  luster.  The  lights  were  perfectly 
bare  and  unprotected,  and  the  place 
where  the  trial  was  made  was  a  workshop 
of  moderate  size.  Later  in  the  evening, 
one  light  was  exhibited  outside  the  build- 
ing, in  an  open  thoroughfare,  and  the 
same  perfect  steadiness  was  observable. 
After  the  two  lights  had  been  burning 
for  a  time  they  were  extinguished,  and 
the  current  was  sent  through  a  row  of 
ten  lamps.  The  light  per  lamp  was  of 
course  reduced,  but  there  was  the  re- 
markable fact  that  ten  lights  were  main 
tained  by  a  comparatively  weak  machine, 
driven  by  an  engine  with  a  power  of  only 
two  horses.  The  light  of  each  of  these 
ten  lamps  was  stated  to  be  that  of  forty 
candles,  making,  therefore,  a  total  of  400. 
A  reduction  of  light,  consequent  on  the 
further  division  of  the  current,  is  thus 
apparent;  but  for  this  loss  there  may  be 
ample  compensation  in  the  economy  of  a 
distributed  light  as  compared  with  one 
that  is  concentrated.  In  the  case  of  the 
ten  lamps,  the  light  is  equal  to  that  of 
twenty-five  full  power  gas  lights,  con- 
suming altogether  one  hundred  and 
twenty-five  cubic  feet  of  gas  per  hour. 
The  extremely  small  arc  due  to  the  pecu- 
liar arrangement  of  the  carbons  in  the 
"Werderman  light  has  the  advantage  of 
offering  the  least  possible  resistance  to 
the  passage  of  the  current.     Hence  the 


electric  power  is  economized,  and  it  be- 
comes possible  to  make  use  of  an  electric 
current  large  in  quantity  but  of  low  in- 
tensity. The  tension  being  small,  there 
is  the  less  difficulty  with  regard  to  in- 
sulation. 

Concerning  the  transmission  of  the 
current,  it  may  be  remarked  that  there 
are  two  main  wires  connected  with  cross 
wires  which  pass  through  the  lamps.  If 
one  lamp  or  more  should  be  accidentally 
extinguished,  the  rest  will  continue  to 
burn.  The  whole  of  the  lamps  can  also 
be  extinguished  and  relit  by  merely  stop- 
ping the  current  and  then  sending  it  on 
again.  No  nice  and  troublesome  adjust- 
ment with  reference  to  the  length  of  the 
electric  arc  is  requisite.  The  lower  car- 
bon, drawn  by  the  line  attached  to  the 
weight,  travels  up  through  the  collar  or 
ring  which  connects  it  with  the  circuit, 
and  simple  contact  between  the  point  of 
the  rod  and  the  surface  of  the  disc  is 
sufficient  for  the  manifestation  of  the 
light.  Mr.  Werdermann  asserts  his  abil- 
ity to  distribute  the  current  from  the 
small  machine  so  as  to  divide  it  among 
sixty  lights.  In  that  case,  the  light 
would  inevitably  be  small ;  but  enough  is 
apparent  to  prove  that  so  far  as  a  current 
can  bear  division,  Mr.  Werdermann  will 
be  able  to  utilize  it.  In  respect  to  dura- 
tion, a  carbon  rod  four  millimeters  in 
diameter  and  a  yard  long,  obtained  from 
Paris,  costs  a  franc.  This,  placed  in  the 
large  lamp,  having  an  estimated  lighting 
power  of  320  candles,  will  last  from 
twelve  to  fifteen  hours.  The  smaller 
lamps  take  a  carbon  of  three  millimeters 
in  diameter. 

Of  the  success  from  an  economical 
point  of  view  of  electric  fighting  the  ac- 
counts are  somewhat  conflicting.  The 
following  is  the  abstract  of  a  report  of 
Mr.  Stayton  the  surveyor  for  Chelsea, 
who  inspected  the  Paris  system  : 

The  Municipality  of  Paris  have  con- 
tracted with  the  general  Electricity  Com- 
pany to  light  up  certain  streets  and 
places,  of  which  the  principal  are  the 
Avenue  de  l'Opera  and  the  Place  de  1' 
Opera,  a  street  900  yards  long  and  30 
yards  wide.  To  do  this  46  columns  have 
been  set  up  at  an  average  distance  of  38 
yards  apart.  Jablochkoff  "candles  "are 
used,  and  Grranmie  machines.  There  are 
three  machines,  each  supplying  sixteen 
lamps,    and  each   driven   by  a   16-horse 
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power  steam-engine,  set  up  for  the  pur- 
pose, so  that  every  lamp  takes  one-horse 
power.  The  conducting  wires  are  laid  in 
the  subways  below  the  road.  The 
"  candles "  last  an  hour  and  a  half,  and 
cost  7^-d.  each.  The  number  of  candles 
required  for  the  evening  are  placed  in 
what  is  termed  a  "  chandelier,"  within  a 
ground  glass  globe,  a  fresh  candle  being 
automically  switched  in  as  the  previous 
one  is  consumed.  Each  light  is  equiva- 
lent to  700  wax  candles,  but  the  globes 
take  off  one-third  of  this  light.  The 
ordinary  London  street  lamp  is  equal  to 
12  or  15  candles. 

The  contract  is  at  present  merely  an 
experimental  one.  The  company  under- 
took to  light  the  lamps  for  a  period  of 
six  months,  ending  in  November  next, 
from  dusk  till  shortly  after  midnight, 
and  to  provide  the  whole  of  the  appara- 
tus, for  If.  45c.  (Is.  2|-d,)  per  light  per 
hour.  Shortly  before  the  electric  light 
is  extinguished,  about  one-third  of  the 
gas  lamps  are  lighted,  and  continue  till 
sunrise,  the  former  light  being  unneces- 
sarily powerful,  and  too  expensive  to  be 
maintained  all  night. 

The  Avenue  and  Place  de  l'Opera  are 
usually  lighted  by  the  large  number  of 
400  gas  lamps,  set  three  or  five  together 
on  columns,  with  short  intervals  between 
them.  In  spite  of  the  amount  of  gas 
burnt,  the  City  Engineer  says  that  "  the 
cost  of  the  electric  light  is  four  times 
that  of  gas,  but  a  greater  amount  of  light 
is  obtained."  On  the  other  hand,  in  the 
lighting  of  the  courtyard  of  the  Louvre, 
it  is  asserted  that  a  saving  of  29§  per 
cent,  is  effected  by  replacing  201  gas 
lamps  by  16  electric  lights,  although  3^ 
times  the  amount  of  light  is  given. 

Besides  the  place  above  mentioned,  the 
electric  light  has  also  been  adopted  for 
lighting  the  Place  du  Theatre  Frangaise, 
the  Madeleine,  the  Arc  de  Tiiomphe,  the 
Orangerie  des  Tuilleries,  the  Magasins  du 
Louvre,  and  about  thirteen  other  places 
in  Paris.  It  is  also  in  operation  in  the 
principal  places  in  Brussels,  Madrid  and 
St.  Petersburg. 

Mr.  Stayton  then  proceeds  to  consider 
the  cost  of  lighting  various  parts  of 
Chelsea  by  means  of  electricity,  as  com- 
pared with  that  of  gas  lighting.  To  be- 
gin with,  there  is  less  gas  used  here  than 
in  Paris.  The  distance  between  the 
lamps  varies  a  good  deal,  for  instance,  it 


averages  55  yards  in  Sloane  street,  70 
yards  in  King's  road,  35  yards  in  Lowndes 
square,  35  yards  in  Cadogan  place,  28 
yards  on  the  Chelsea  Embankment.  In 
Piccadilly  the  distance  is  30  yards,  and 
in  Cromwell  road,  South  Kensington,  27 
yards. 

To  light  Sloane  street,  which  is  1,100 
yards  long  and  20  yards  wide,  with  two 
electric  stations,  each  supplying  sixteen 
lamps,  would  cost  for  plant  and  altera- 
tions £3,200,  and  16s.  per  hour  for  3,250 
hours,  or  £2,600  per  annum.  The  pres- 
ent cost  of  a  gas  lamp  in  Chelsea  burn- 
ing 3,850  hours  per  annum  is  £3  6s.  7d., 
therefore  the  expense  of  the  40  lamps  in 
Sloane  street  is  8^d.  per  hour,  the  total 
per  annum  for  the  street  being  £133  3s. 
4d.  The  outlay  for  lighting  the  Chelsea 
Embankment  with  48  lights  in  place  of 
the  109  gas  lamps  is  estimated  at  £4,800, 
and  the  hourly  cost  at  £1  4s.  for  3,250 
hours  per  annum.  The  present  cost  of 
the  gas  lamps  is  2s.  L}d.  per  hour  for 
3,850  hours  per  annum.  In  Sloane 
street  the  light  would  be  31  times  as 
great  as  at  present,  and  it  is  believed 
that  half  the  above  number  of  lights 
would  be  sufficient.  These,  however, 
could  not  be  worked  from  a  single  sta- 
tion, so  that  vthe  chief  cost,  that  of  the 
machines,  &c,  could  not  be  thus  saved. 

The  main  conclusions  Mr.  Stayton 
draws  are:  That  the  present  arrange- 
ments for  electric  lighting  are  unsuita- 
ble for  long  distances,  especially  in  Lon- 
don, where  the  lamps  are  so  much  far- 
ther than  in  Paris.  The  close  proximity 
of  the  electric  stations  is  a  great  draw- 
back to  the  system,  and  their  establish- 
ment in  business  streets  would  be  a  mat- 
ter of  considerable  difficulty.  These  are 
the  disadvantages  of  the  system.  The 
following  are  the  advantages: 

About  1^-  hours'  daily  consumption  is 
saved  in  consequence  of  instantaneous 
lighting  and  extinguishing  ;  the  fight  is 
vastly  superior  to  gas,  and  is  not  injuri- 
ous; there  is  an  absence  of  noxious 
smells  both  in  the  production  and  com- 
bustion ;  the  heat  in  a  room,  so  often  un- 
bearable in  the  case  of  gas,  is  scarcely 
felt;  the  most  delicate  colors  are  pre- 
served ;  air  is  not  consumed  as  in  the 
case  of  gas  ;  there  is  no  chance  whatever 
of  explosion ;  and  although  the  light  is 
so  powerful  in  the  streets,  no  accidents 
to  horses  have  occurred. 
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On  these  grounds,  he  says  that  after  a 
careful  consideration  of  the  whole  ques- 
tion, he  is  of  opinion  "that  at  present 
the  electric  light  is  not  suitable  for 
street  lighting  in  the  metropolis;  that  it 
is  suitable  and  can  be  utilized  with 
splendid  effect  in  large  squares  and 
places,  such  as  Trafalgar  square  or  Par- 
liament square ;  but  although  in  each  of 
these  places  at  the  present  time  the 
lamps  are  numerous,  the  cost  would  be 
greater  than  gas."  He  also  makes  some 
remarks  on  the  improvements  and  modi- 
fications required  before  electric  lighting 
can  come  widely  into  use,  such  as  the 
necessity  for  further  subdivision,  and  for 
a  means  of  working  over  greater  dis- 
tance, points  which  are  of  course  familiar 
to  those  who  have  paid  any  attention  to 
the  subject. — Journal  of  the  Society  of 
Arts. 

Regarding  the  matter  of  efficiency  and 
economy  of  the  dynamo-electric  machines, 
Mr.  Sprague,*  the  electrician,  says: — 
These  machines  are  manifold  in  name  and 
in  appearance,  but  they  all  are  different 
modes  of  obtaining  the  desired  transfer 
of  energy  by  the  same  fundamental  prin- 
ciples; the  whole  object  of  the  difierent 
inventors  is  to  discover  how  to  arrange 
the  parts  so  as  to  do  the  work  at  the  least 
first  cost  and  at  the  smallest  working  ex- 
pense. The  whole  question  among  them 
is,  For  a  given  horse-power  of  engine 
which  machine  xoill  produce  the  largest 
electric  current  in  a  given  external  resist- 
ance? That  question  is  much  too  large 
a  one  to  even  enter  upon,  and  it  is  a  good 
way  from  being  finally  settled  as  yet. 

Batteries  produce  a  constant  current 
always  in  one  direction;  machines  gener- 
ally produce  a  constantly  breaking  and 
reversing  current ;  but  the  Gramme  ma- 
chine succeeded  in  producing  a  current 
exactly  resembling  that  of  batteries.  It 
is  a  very  debated  question  which  kind  of 
current  is  best  adapted  to  electric  light- 
ing. The  positive  carbon,  which  is  usu- 
ally the  uppermost,  consumes  much  more 
rapidly  than  the  lower,  and  also  forms  a 
hollow  crater  which  encloses  a  large  part 
of  the  light;  the  intermittent  alternating 
current  generates  a  resistance  in  the  arc 
which  diminishes  the  light.  However, 
the  Jablochkoff  candle,  in  its  most  ad- 
vanced  form,    requires   this    alternating 


*  Electric  Lighting,  its  State  and  Progress,  by  John  T. 
Sprague. 


current  in  which  the  two  carbons  burn 
away  equally,  and  at  the  same  time  the 
insulating  material  is  rendered  incandes- 
cent and  contributes  to  the  light;  it 
being,  however,  not  a  little  doubtful 
whether  this  contribution  is  fairly  equiv- 
alent to  the  share  of  the  electric  current 
thus  appropriated  and  taken  from  the 
true  arc.  I  merely  indicate  these  points 
as  practical  questions  by  no  means  solved 
as  yet,  but  which  cannot  be  discussed 
here. 

As  one  consequence  of  this  property  of 
the  candle,  to  enable  the  Gramme  ma- 
chine to  be  used  a  second  machine  has 
had  to  be  devised,  in  which  the  continu- 
ous direct  current  of  the  Gramme  proper 
is  converted  into  an  alternating  one. 
This  second  machine,  however,  at  the 
same  time  raises  the  power  of  the  current 
in  the  same  manner  as  was  done  in  the 
machines  of  Wilde,  the  origin  of  all  the 
later  forms. 

The  other  machine  in  use  in  Paris  is 
that  of  Lontin,  which  is  the  one  employed 
also  at  the  Gaiety  Theatre  in  London, 
and  to  which  public  exhibition  of  the 
electric  light  in  a  supposed  practical  ap- 
plication is  due  much  of  the  excitement 
on  the  subject.  This  machine,  likewise, 
is  in  two  separate  parts,  so  arranged  as 
to  provide  several  distinct  circuits  to 
work  separate  lights.  Serrin's  regulator 
is  used,  .but  M.  Lontin  claims  to  have 
effected  some  improvements  therein.  We 
may  now  proceed  to  the  applications 
made  of  these  two  systems,  and  no  doubt 
some  of  my  remarks  may  excite  surprise,- 
because  there  has  been  an  immense  deal 
of  exaggeration  and  nonsense  published 
by  people'  who,  led  away  by  first  impres- 
sions, and  having  only  partial  knowledge 
of  the  subject,  have,  as  is  .usually  the 
case  with  unskilled  observers,  seen  im- 
perfectly and  recorded  impressions  rather 
than  judgments. 

There  are  at  present  displayed  in  Paris 
a  very  great  number  of  electric  lights, 
but  they  may  be  studied  in  a  very  simple 
set  of  groups  based  upon  the  purposes 
for  which  they  are  used;  this  also  hap- 
pens to  properly  distribute  the  different 
systems  in  operation. 

1.  Railway  Stations. — At  the  station 
of  the  Western  Railway  (Gare  St.  Lazare), 
L  on  tin's  system  is  in  operation. 

Two  lamps  are  placed  at  the  principal 
entrance;    five  lamps  are  placed  in  the 
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principal  hall,  where  they  replace  thirty- 
four  gaslights,  and  will  no  doubt  do  so 
to  very  great  advantage  as  far  as  light  is 
concerned,  as  the  hall  is  so  large  that  the 
gas  has  little  power  over  it.  They  will 
all  be  worked  by  one  apparatus,  and  were 
to  be  in  action  in  a  few  days ;  when  I  saw 
them  the  engine  was  not  ready. 

The  goods  department  is,  however, 
lighted  by  six  naked  electric  lights,  de- 
rived from  one  machine  driven  by  a  steam 
engine.  The  result  is  extremely  effective, 
as  the  men  loading  and  unloading  can 
see  the  addresses  on  the  packages  with 
ease,  and  the  lights  being  distributed 
around  the  area  of  operations  (which  is, 
however,  only  a  small  one),  they  are  able 
to  work  easily. and  safely. 

2.  Hotels  and  Shops. — In  the  large 
buildings  opposite  the  Louvre,  which  in- 
clude a  great  hotel  and  an  immense 
series  of  rooms,  forming  the  "  Magasins 
du  Louvre,"  where  an  endless  variety  of 
goods  are  displayed,  there  are  a  large 
number  of  electric  lights  employed  which 
belong  to  the  system  of  the  Jablochkoff 
candle,  as  do  all  the  others  I  shall 
notice.  The  courtyard  of  the  hotel  was 
formerly  lighted  by  14  two-light  gas 
lanterns,  and  by  24  single  globes  upon 
the  staircase  which  forms  one  side  of  the 
roofed-in  quadrangle.  It  is  now  lighted 
by  2  electric  lanterns  on  one  side,  and  6 
globes  spread  over  the  staircase ;  2  other 
lights  in  the  entrance  also  assist  the 
effect.  In  the  show-rooms  there  are  a 
number  of  electric  lights,  and  also  a 
number  of  6-light  gas  chandeliers,  which 
latter  quite  equal  the  electric  candle,  ex- 
cept as  to  the  inherent  difference  of  the 
lights  as  to  color,  one  of  the  special  ad- 
vantages of  the  electric  light  being  its 
possession  of  all  the  colors  forming  per- 
fect light — so  that,  unlike  gas,  it  shows 
up  clearly  the  blues  and  greens,  and  all 
the  various  shades  of  color  ;  of  course, 
also,  the  electric  light  is  less  hfeating, 
does  not  consume  the  air,  and  does  not 
distribute  vapors  which  can  condense 
among  the  goods. 

It  will  be  seen  that  in  this  courtyard 
52  gas  burners,  giving,  at  say  10  candles, 
a  light  of  520  standard  candles,  did 
formerly  the  work  upon  which  at  least  8 
electric  lights  are  now  employed,  giving, 
at  300  candles,  a  light  which  should  be 
2,400  candles,  and  this  being  nearly  five 
times   the   quantity   of  light,  the  effect 


ought  to  be  great.  In  fact,  this  court- 
yard is  really  one  of  the  most  beautiful 
results  of  the  electric  lighting  that  I 
have  seen.  I  took  two  friends  to  see  it, 
and  they  expressed  the  same  opinion. 
and  thence  arose  a  somewhat  curious 
circumstance.  Before  leaving  Paris  they 
said,  "  Let  us  go  and  have  another  look 
at  the  Hotel  du  Louvre."  They  went, 
and  said  as  before,  "Well,  it  is  really 
beautiful."  "It  is  beuutiful,"  repeated 
one,  "but  look  again."  They  looked 
again — the  electric  light  was  not  in 
action;  it  vias  the  gas  light  they  were 
admiring.  This  shows  how  large  a  part 
imagination  plays  in  many  observations. 

In  this  instance  I  propose  to  make 
some  remarks  here  upon  the  question  of 
cost. 

It  is  stated  that  here  "  201  gas  burn- 
ers, costing  90.4  francs  per  day,  have 
been  replaced  by  16  electric  lights,  cost- 
ing only  63.6  francs,  being  an  economy 
of  30  per  cent.,  with  three-and-a-half 
times  the  light."  This  statement  is  made 
by  those  interested  in  the  light,  and  I 
understand  that  the  electric  system  is 
worked  by  an  already  existing  engine, 
and  do  not  know  if  a  proper  charge  is 
included  for  the  steam  engine,  and  for 
depreciation  and  interest  on  the  outlay. 
But  in  Paris  the  gas  costs  6s.  9d.  per 
1,000/ee^ — more  than  double  the  London 
price — and  its  illuminating  power  is  lower 
than  ours — a  statement  which  will  •  sur- 
prise those  who,  seeing  the  brilliant 
lighting  of  Paris,  overlook  the  reckless 
consumption  of  gas  to  which  this  result 
is  due.  The  most  favorable  result,  ac- 
cording to  English  prices,  is  that,  in  this 
case,  the  actual  electric  lighting  cost  35 
per  cent,  more  than  the  previous  gas 
lighting. 

3.  The  /Streets. — The  Jablochkoff  candle 
is  used  in  many  places,  chiefly  in  front  of 
fine  public  buildings,  which  they  illumi- 
nate very  effectively,  but  it  will  be  suffi- 
cient to  deal  with  the  principal  exhibi- 
tion in  the  Place  and  Avenue  de  l'Opera, 
a  roadway  which  extends  some  900  yards 
by  30  wide,  and  offers  from  the  present 
aspect  one  of  the  most  beautiful  and  in- 
teresting sights  of  Paris. 

In  front  of  the  Opera  there  are  two 
columns,  each  carrying  3  candles  in 
globes.  In  the  Place  are  four  columns, 
carrying  lanterns,  each  containing  2 
lighted  candles.     In   the   Avenue   there 
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are  36  candles  irregularly  distributed, 
but  averaging  nearly  40  yards  apart.  In 
the  square  in  front  of  the  Theatre 
Franeais  there  are  two  circles  of  6  lights 
each  and  two  single  lamps.  There  are 
thus  in  one  view  64  electric  lights.  Be- 
sides this  there  are  innumerable  gas- 
lights in  the  shops,  and  although  by  the 
effects  of  contrast  the  gas  lights  seem  to 
be  nearly  extinguished  by  the  electric 
ones,  they  none  the  less  supply  their 
quota  of  light. 

It  is  needless  to  say  that,  regarded 
simply  as  a  sight,  the  effect  is  very  strik- 
ing; it  is  not  at  all  surprising  that  those 
who  look  at  it  with  the  eye,  unguided  by 
the  judgment,  and  compare  it  with  our 
London  streets,  exclaim  about  its  perfec- 
tion, and  abuse  our  London  gas.  By-and- 
bye  I  will  count  the  cost;  at  present  I 
will  only  indicate  some  facts  which  no 
one  has  mentioned  as  yet,  and  which  will 
somewhat  surprise  both  the  casual  ob- 
server who  goes  away  exclaiming  that 
such  a  light  must  be  introduced  every- 
where, and  also  those  who  think  only  of 
the  vivid  character  of  the  electric  light 
itself. 

(1)  It  will  naturally  be  supposed  that 
two  electric  lights  placed  only  forty  yards 
apart  will  illuminate  perfectly  the  inter- 
vening space;  on  the  contrary,  a  distinct 
gradation  of  light  approaching  to  a  com- 
parative shade,  is  observable  on  the  road- 
way, just  as  with  our  gaslights.  This  is, 
however,  a  natural  consequence  of  the 
fundamental  principle  of  light  and  of  all 
radiant  forces  that  their  quantitative 
effects  diminish  in  the  ratio  of  the  squares 
of  the  distances ;  for  this  reason,  where 
equally  diffused  light  is  required,  a  num- 
ber of  small  lights  are  necessarily  more 
effective  than  a  much  more  powerful 
light  concentrated  in  one  or  few  centers. 
In  this  case,  with  the  two  lights  at  forty 
yards,  the  combined  lights  give  at  the 
middle  point  of  twenty  yards  a  light 
somewhat  less  than  half  of  what  they 
give  at  the  ten  yards  distance  from  either 
post;  the  exact  relative  values  being  as 
^  is  to  1-jig-,  calling  the  value  of  each  light 
singly  1  at  ten  yards  distance. 

(2)  People  talk  about  the  gaslights  in 
the  streets  superseding  the  shop  lights. 
On  the  contrary,  not  one  single  shop 
light  has  been  put  out,  nor  has  the  light 
the  least  effect  upon  the  shops.  I  spoke 
to   one  jeweler    (besides    several    other 


shopkeepers)  whose  front  was  directly 
under  a  candle,  distant  only  five  yards. 
He  still  used  the  ordinary  outside  lamps, 
and  when  I  asked  if  he  found  any  advant- 
age from  the  electric  light,  he  replied, 
with  the  usual  French  shrug,  "Why,  sir, 
it  is  simply  moonlight."  This  is,  in  fact, 
the  exact  description  of  the  illumination ; 
it  is  that  of  a  moderately  clear  moonlight 
with  the  eye  caught  by  points  of  brilliant 
light,  and,  so  far  as  the  shops  are  con- 
cerned, this  light  is  absolutely  ineffective. 
We  often  complain  that  our  gaslights  are 
largely  wasted  upon  the  heavens;  most 
of  the  beauty  of  this  Paris  light  is  really 
due  to  that  cause,  the  long  rows  of  lofty 
white  houses  catch  the  eye  and  also  re- 
flect part  of  the  light  back. again,  and  the 
air  itself  is  filled  with  a  lmninous  haze 
due  to  the  reflections  from  the  innumera- 
ble minute  particles  with  which  it  is 
always  loaded. 

(3)  The  light  is  variable.  Each  candle 
is  continuously  flashing  and  frequently 
changing  to  a  rosy  tint.  This  might  not 
be  noticed  by  a  casual  observer,  being 
lost  in  the  general  effect,  but  on  examin- 
ing the  light  by  writing  directly  under  a 
lamp,  I  estimated  the  fluctuations  as 
amounting  to  fully  one-fourth  of  the  full 
light. 

(4)  The  light  is  rapidly  lost  in  the  dis- 
tance. There  is  a  row  of  lights  in  face 
of  the  house  of  the  Legislative  Assembly 
which  light  up  the  facade  very  effectively. 
In  the  Place  de  la  Concorde  these  lights 
stand  vividly  out  from  the  surroimding 
gas  lamps ;  at  the  front  of  the  Madeleine, 
double  the  distance,  they  are  only  dis- 
tinguishable from  the  ordinary  street 
lamps  by  their  superior  whiteness  of 
color,  the  Paris  gas  being  very  yellow. 
This  observation  will  no  doubt  seem  in- 
credible to  many;  it  appeared  so  remark- 
able to  me  that  I  have  worked  out  some 
calculations  which  prove  that  my  sight 
and  judgment  told  me  the  strict  truth,  as 
will  be  seen  in  a  subsequent  paragraph. 

4.  Theatres.  — The  Hippodrome,  a  very 
large  circus,  is  now  lighted  with  the 
Jablochkoff  candles.  There  are  twenty  in 
globes  along  the  line  which  divides  the 
audience  from  the  arena,  besides  three 
gaslights  (or  sixty  burners  turned  to- 
wards the  audience)  on  the  intermediate 
columns.  Above  these  again  are  sixteen 
naked  candles  with  reflectors  throwing 
the  light  on  the  middle  of  the   arena^ 
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There  are  thus  thirty-six  electric  lights 
in  full  action,  and  in  addition,  there  are 
four  naked  lights  suspended  from  the 
roof  to  throw  light  upon  the  Trapeze 
performances  when  required.  But  with 
all  these  powerful  lights  the  result  was 
poor  compared  with  the  rich  radiance  we 
are  accustomed  to  in  theatres.  As  in  the 
streets,  it  was  an  effect  similar  to  moon- 
light, and  the  fluctuations  were  very  per- 
ceptible. I  was  myself  greatly  surprised 
at  this,  as  I  was  prepared  to  find  the 
light  especially  well  suited  to  this  pur- 
pose, and  I  can  only  explain  the  actual 
fact  by  supposing  that  the  eyes  are  daz- 
zled by  the  number  of  cross  lights 
directly  influencing  them,  instead  of 
illuminating  only  the  objects  intended  to 
be  seen. 

II.  The  Cost  of  the  Light. — As  to 
this,  it  is  nearly  impossible  to  attain  any 
reliable  information.  We  can  only  accept 
at  a  suitable  discount  the  statements  fur- 
nished by  the  interested  parties. 

The  Gramme  machines,  to  maintain  16 
lights,  cost  £400  in  addition  to  a  steam 
engine  or  other  motor  of  at  least  20 
horse-power.  The  fittings  of  the  lamp 
cost  £8,  besides  columns,  &c,  and  the 
conducting  cables  3s.  4c?.  per  yard  of  the 
circuit.  These  are  Paris  prices,  and 
would  be  higher  in  England.  Smaller 
machines  for  fewer  lights  would  cost 
more  in  proportion. 

The  cost  of  working  per  hour  for  the 
carbon  candles,  firing  of  engine,  and 
attendance,  is  put  at  8s.  8d.  per  machine, 
or  6^cl  per  light:  to  this  must  be  added 
a  due  charge  for  repairs,  depreciation, 
and  interest  upon  outlay,  so  that  the 
hourly  cost  cannot  be  put  at  less  than 
8d.  per  light.  But  any  calculation  on 
this  basis,  without  taking  into  considera- 
tion the  circumstances  of  each  case, 
would  be  so  uncertain  that  I  shall  here 
confine  myself  to  the  one  salient  fact 
agreed  to  by  all  the  interested  parties, 
Gramme  and  Lontin  in  France,  'and 
Siemens  in  England,  that  each  separate 
light  consumes  one  horse-poicer  of  an 
engine,  besides  all  the  incidental  expen- 
ses. 

I  have  not  the  prices  of  the  Lontin 
system,  but  I  believe  they  are  somewhat 
less,  but  I  know  that  the  Lontin  light,  as 
displayed  at  the  Gaiety,  tries  to  the 
utmost  the  powers  of  a  12-horse  engine. 
I  would  not  propose  omnibus  drivers  as 
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judges  upon  a  scientific  problem,  but  I 
may  mention  that  one  of  them  explained 
to  his  passengers  a  few  evenings  ago  that 
these  lights  brought  great  crowds  to 
look  at  them,  and  that  it  was  found  they 
were  too  strong,  so  that  two  of  the 
lamps  had  to  be  put  out.  The  man  was 
quite  right,  they  were  too  strong — for 
the  engine. 

The  quantity  of  light  produced  in 
return  for  this  cost  is  somewhat  uncer- 
tain. It  is  claimed  that  the  regulator 
with  Lontin's  system  gives  a  light  equal 
to  100  Carcel  lamps,  and  the  Jablochkoff 
candle  about  80.  I  very  much  doubt 
this.  I  found  no  difficulty  whatever  in 
examining  the  light  steadily  at  a  distance 
of  12  or  15  feet,  nor  did  it  produce  any 
subsequent  unpleasant  impression  of  the 
spectral  nature ;  and  I  cannot  think  that 
this  would  be  the  case  with  a  light  of  the 
intensity  stated,  proceeding  from  an 
illuminating  area  not  larger  than  a 
sixpence.  It  is,  however,  claimed  as  a 
merit  of  the  Jablochkoff  system,  that, 
"instead  of  a  luminous  point  emitting 
divergent  rays  of  a  most  disagreeable 
character,  it  bathes  the  brightness  of  the 
carbon  points  in  a  white  flame  which 
gives  a  diffusive  light,"  but  my  remark 
applies  to  both  lights. 

There  is  some  doubt  as  to  the  value  of 
the  Carcel  lamp  in  our  standard  candles, 
but  Mr.  Sugg,  who  is  a  good  authority, 
valued  it  some  years  ago  at  9.5  candles, 
and  I  will  take  this  value  as  the  highest. 
This  gives  the  light  of  the  "candle"  as 
760  standard  candles :  Mr.  Sugg,  how- 
ever, states  that  on  a  trial  before  the 
jury  the  light  of  each  as  tested  was  500 
candles.  These  lights  for  most  purposes 
have  to  be  enclosed  in  opal  glasses  about 
16  inches  diameter,  which  are  said  to 
absorb  one-third  of  the  light.  It  is, 
however,  well  known  from  the  best 
experiments  that 

Plain  glass  absorbs  10  per  cent. 
Ground  "  "       30    "       " 

Opal        "  "       60    "       " 

This  reduces  the  effective  lighting 
power  of  each  light  to  300  candles,  as- 
suming its  original  value  to  be,  as  claimed, 
760.  With  these  globes  the  light  no 
longer  issues  from  the  radiant  point,  but 
from  the  whole  surface  of  the  globe,  its 
inherent  brightness  being  therefore  pro- 
portionately reduced.     An  ordinary  gas 


82 


VAN    NOSTRAND'S    ENGINEERING   MAGAZINE. 


burner  giving,  say  10  candles  light,  lias 
an  illuminating  area  of  about  5  square 
inches,  so  that  its  inherent  light  is  about 
2  candles  per  square  inch.  The  area  of 
the  diameter  of  a  globe  of  the  size  used 
is  220  square  inches  ;  and  if  its  light  is 
300  candles,  the  inherent  light  is  only 
about  1.4  per  square  inch,  less  than  that 
of  the  gas  burner.  Hence  it  is  that  when 
we  increase  our  distance  so  far  that  the 
size  of  the  flame  no  longer  influences  the 
eye,  and  that  its  rays  are  practically 
parallel,  the  electric  lamp  is,  as  I  before 
stated,  distinguishable  from  a  gas  lamp 
only  by  its  different  color. 

Ordinary  gas,  burnt  properly,  will  give 
the  light  of  14  candles  for  5  feet  per 
hour ;  that  is,  1,000  feet  give  a  light 
equal  to  2,800  candles  for  an  hour  at  a 
cost  of,  say  3s.  4<#.  Assuming  that  an 
electric  light  gives  a  net  effect  of  300 
candles,  and  that  its  cost  is  only  8c?.  per 
hour,  the  cost  of  the  same  2,800  candles 
is  6s.  2^d.  With  naked  lights,  however, 
the  cost  of  gas  would  be  somewhat 
greater  for  equal  amounts  of  light.  But 
all  such  calculations  are  at  present  only 
vague  approximations.  Improvements 
also  must  be  looked  for,  and,  indeed,  I 
have  seen  in  operation  machines,  not  yet 
before  the  public,  which  will,  I  believe, 
lower  the  cost.  On  the  other  hand, 
there  is  abundant  room  for  improvement 
in  the  use  of  gas,  as  it  is  well  known  that 
even  our  best  burners  do  not  give  any- 
thing like  the  light  the  gas  is  capable  of, 
while  those  in  common  use  burn  the  gas 
most  wastefully.  In  fact,  we  burn  too 
little  gas  in  single  flames,  so  that  the 
surrounding  air  floods  and  cools  the 
flame ;  the  more  gas  we  can  burn  per- 
fectly in  a  single  light  the  greater  i}he 
light  the  gas  will  give  for  the  quantity 
burnt.  A  simple  experiment  will  prove 
this  :  Fit  two  burners  on  pieces  of  elastic 
tube  so  that  they  bum  side  by  side,  and 
note  the  light  given.  Now  bend  them 
to  each  other  so  that  the  two  flames 
cross  and  blend  in  one;  it  is  evident 
there  is  no  increased  consumption,  but 
the  increased  illuminating  power  is  some- 
thing surprising.  If  powerful  lights, 
such  as  the  electric  ones,  are  required, 
there  is  little  doubt  they  can  be  pro- 
duced economically  from  gas,  and  all  the 
other  objections  can  readily  be  overcome, 
for  the  color  of  gas  light  will  whiten  as 
the  quantity  properly  burnt  is  increased, 


until  a  pure  white  light  is  obtained, 
superior  in  quality  to  that  of  the  electric 
arc,  because  the  intense  temperature  of 
this  involves  the  production  of  an  excess 
of  the  violet  rays  of  light  and  of  those 
chemical  rays  called  actinic,  which,  while 
consuming  energy,  do  not  give  light, 
and  from  their  other  properties  are 
likely  enough  to  have  injurious  actions 
upon  health.  The  removal  of  the  pro- 
ducts of  combustion  also  is  a  very  sim- 
ple matter,  already  effected  in  some 
forms  of  gas  burners,  and  involving 
nothing  more  than  an  outlet  to  a  chim- 
ney or  to  the  open  air.  In  fact,  all  the 
defects  attributed  to  gas  are  simply 
matters  of  management  and  economy, 
and  if  people  really  wish  to  correct  them, 
and  are  prepared  to  spend  only  a  small 
portion  of  the  amount  needed  for  the 
Atting  up  of  electric  lights,  they  can 
easily  have  what  they  desire,  and  yet 
retain  that  great  advantage  in  simplicity, 
the  mere  turning  on  of  a  tap,  as  com- 
pared with  the  difficulties  of  special  and 
elaborate  mechanism. 

At  present  it  is  found  that  the  current 
for  producing  light  cannot  be  sent  to 
any  great  distance  with  advantage.  Leak- 
age has  been  the  great  trouble  of  gas 
engineers,  but  it  is  a  mere  trifle  in  their 
case  as  compared  with  the  transmission 
of  large  eleotric  currents.  What  is  called 
resistance  in  electricity  is  of  two  orders: 
there  is  the  conductive  resistance,  the 
specific  caj)acity  of  each  substance  to 
permit  electricity  to  pass,  and  which 
may  to  some  extent  be  compared  to  fric- 
tion in  mechanics.  This  is  a,  simple 
enough  matter,  and  its  law  is  that  with  a 
given  kind  of  conductor,  say  copper  wire, 
to  maintain  a  fixed  resistance  the  section 
of  the  conductor  must  increase  in  the 
same  ratio  as  the  length,  or,  what  is  the 
same  thing,  the  total  weight  of  wire 
must  increase  as  the  square  of  the  length. 
This  alone  is  simply  a  question  of  first 
cost ;  but  then  also  the  tendency  to  leak- 
age or  loss  increases  in  a  greater  ratio 
than  the  length,  and  the  insulation  be- 
comes more  and  more  difficult  as  the  size 
of  the  conductor  increases.  But  this  is 
insignificant  compared  with  what  is 
called  inductive  resistance,  that  which  in 
submarine  cables  hmits  the  speed  of 
transmission.  This  comes  into  action 
only  with  intermittent  currents,  and  it 
will  increase  in  some  ratio  exceeding:  the 
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square  of  the  distance,  if  the  conductor 
is  enlarged  as  required  to  increase  the 
conducting  power.  We  have  as  yet  no 
experience  in  this  subject  with  large  cur- 
rents, but  it  is  so  serious  an  obstacle  in 
the  minute  currents  used  in  telegraphy 
that  it  is  not  unlikely  to  prove  an  abso- 
lute barrier  to  the  sending  of  large  alter- 
nating currents  to  any  considerable  dis- 
tance. I  was  told  that  arrangements  are 
making  to  send  a  light  two  miles  here  in 
England,  and  when  I  pointed  out  this, 
probability,  it  seemed  that  it  had  not 
been  anticipated,  but  I  learnt  at  once 
that  it  had  arisen  in  some  experimental 
trials.  "Whether  it  will  be  overcome  re- 
mains to  be  seen ;  if  not,  systems  depend- 
ing on  alternating  currents,  as  with  the 
Jablochkoff  candle,  will  be  limited  to  short 
distance ;  at  present  they  work  at  a  dis- 
tance not  exceeding  300  yards. 

III.  Influence  upon  Gas  Interests. — 
From  what  has  been  stated  it  is  evident 
that  the  electric  light  can  only  be  appli- 
cable in  some  circumstances,  and  that  the 
necessity  of  cumbersome  machinery  and 
qualified  attendance  must  limit  its  use. 
But  also  in  many  cases  where  it  would  be 
suitable,  it  by  no  means  follows  that  its 
use  would  involve  diminished  consumption 
of  gas.  An  American  experimentalist 
states  that  with  a  petroleum  engine  and 
electric  apparatus  he  has  obtained  more 
light  than  from  the  direct  combustion  of 
the  petroleum.  Now  gas  engines  have 
received  of  late  very  great  improvements, 
and  these  improvements  are  not  final :  it 
is  quite  certain  that  from  their  great 
simplicity,  their  freedom  from  danger, 
and  from  the  great  fact  that  they  require 
little  or  no  attendance,  they  will  gradually 
supersede  steam  for  many  uses,  and 
among  others  they  would  often  be  em- 
ployed to  furnish  the  motive  power  for 
electric  lighting,  and  more  gas  would  be 
employed  than  was  required  for  the 
former  gas  illumination,  because  no  one 
will  be  contented  with  merely  the  same 
quantity  of  light. 

For  street  lighting  there  is  small 
probability  of  its  extensive  use.  Paris  is 
a  great  bazaar ;  abundant  light,  however 
great  the  cost,  pays  there,  just  as  it  does 
in  our  public-houses.  The  people  there 
live  in  the  streets,  which  are  filled  with 
fine  public  buildings  and  endless  sources 
of  attraction.  Neither  our  climate,  nor 
our  cities,  nor  habits  of  life,  offer  us  the 


same  inducements  ;  and  what  would  the 
English  ratepayers  say  if  asked  to  main- 
tain even  the  ordinary  gas  lighting  sys- 
tem of  Paris,  where  in  many  streets  the 
public  lights  are  equal  to  one  burner 
every  4  or  5  yards;  such  was  in  fact  the 
light  now  displaced  by  the  electric  light, 
and  still  employed  in  the  Rue  de  la  Paix, 
close  at  hand  and  easily  comparable, 
where  every  12  or  14  yards  there  is  a 
post  with  three  lamps  on  it,  giving  a 
light  not  so  white  and  brilliant,  but  quite 
as  useful  practically,  as  the  electric  light 
itself. 

There  are  a  few  places  such  as  Charing 
Cross  or  Oxford  Circus,  where  a  full 
electric  system  might  be  advantageously 
employed,  but  its  general  introduction 
into  English  streets  is  a  probability  so 
distant  as  hardly  to  call  for  considera- 
tion. 

To  make  this  evident  I  have  carefully 
gone  over  Trafalgar  Square  and  esti- 
mated the  electric  lights  required  to  il- 
luminate it  exactly  as  the  Place  de  V 
Opera  in  Paris  is  now  lighted.  It 
would  require  16  single  and  7  double 
lights,  that  is  30  electric  candles  with 
engines  of  some  40  horse-power.  It  is 
at  present  lighted  by  73  gas  burners,  not 
counting  private  lights. 

In  lighting  railway  stations,  in  large 
factories  where  the  vitiation  of  the  air 
by  gas  is  an  important  consideration, 
probably  in  picture  galleries  and  libraries, 
and  in  some  of  the  larger  hotels,  the 
electric  light  must  be  expected  to  come 
into  use,  but  its  introduction  will  be 
gradual,  and  its  utmost  effect  on  gas 
consumption  can  only  be  to  somewhat 
diminish  the  regular  annual  increase  of 
consumption.  This  might  diminish  the 
need  for  increasing  powers  of  production, 
but  as  the  dividends  are  earned  by  actual 
production,  these  would  not  be  affected, 
even  by  a  complete  stoppage  of  the  in- 
crease ;  it  is  however  much  more  likely 
that  by  the  use  of  gas  engines  and  other 
employments  as  yet  undeveloped,  this  in- 
crease will  grow  rather  than  cbminish. 

Finally,  it  needs  no  prophetic  power  to 
foresee  that  ere  long  a  dead  set  will  be 
made  in  the  markets  both  upon  gas 
shares  and  upon  the  pockets  of  that 
confiding  public  who  are  always  ready  to 
give  their  money  to  any  one  who  asks 
boldly  and  promises  freely.  It  is  but  a 
few  years   since  gas  shareholders  went 
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through  a  similar  scare  over  new  gas, 
air  gas,  and  other  inventions  which  were 
to  rain  them  and  make  the  fortunes  of 
people  who  gave  £20  for  £1  shares  in 
the  new  scheme.  The  day  some  bold 
financier  asks  for  a  million  of  money  to 
light  England  with  electricity,  no  doubt 
timid  shareholders  will  rush  about  to  sell 
their  shares,  and  it  will  be  useless  to  hint 
to  the  speculative  investors  that  the  new 
lighting,  when  introduced,  will  probably 
not  be  powerful  enough  to  show  them 
their  money  back  again.  Gas  shares 
would  no  doubt  go  down,  and  that  would 
be  an  excellent  opportunity  for  prudent 
men  to  invest  in  gas  shares.  In  fact, 
after  a  thorough  examination  of  the  mat- 
ter, so  far  as  it  has  yet  progressed,  and 
so  far  as  its  further  ivnquestionable  pro- 
gress can  at  present  be  foreseen,  I  feel 
no  hesitation  in  expressing  the  convic- 
tion that  the  gas  companies,  at  all  events 
of  London,  have  nothing  whatever  to 
fear,  and  that  whatever  owing  to  market 
operations  may  happen  to  gas  shares,  gas 
dividends  are  in  little  danger  from  any 
competition  with  the  electric  light." 

In  the  meantime  each  and  all  of  the 
various  systems  are  on  trial  in  this  coun- 
try. The  American  machines  are  the 
Wallace,  the  Brush,  the  "Weston,  the 
Arnoud-Hockhausen,  and  the  Fuller — 
all  dynamo-electric  machines,  converting 
by   slightly    different    arrangements    of 


permanent  and  electro-magnets,  mechan- 
ical power  into  electric  currents. 

The  lights  are  of  two  classes :  1st, 
those  which  consist  of  a  luminous  arc 
between  two  slightly  separated  carbon 
points  ?  and  2d,  those  which  consist  of 
a  slender  rod  of  carbon  or  platinum,  ren- 
dered incandescent  by  the  constant  pass- 
age of  a  strong  current  through  it. 

In  the  former  class,  if  the  carbon  points 
approach  each  other  from  opposite  di- 
rections, an  automatic  regulator  is  neces- 
sary to  maintain  the  light ;  for  such 
purpose  are  the  Serrin,  the  Browning 
and  the  Focault  regulators ;  the  Jab- 
lochkoff  light,  although  depending  on  the 
arc,  requires  no  regulator,  because  the 
carbons  are  in  fixed  relative  positions 
parallel  to  each  other  and  at  proper 
distance. 

Of  the  second  class,  the  "incandes- 
cent" lights;  the  Sawyer-Man;  the  Lon- 
tin;  the  Begnier;  the  Werderman  and 
rumor  says  the  Edison  are  the  present 
examples. 

It  would  seem  that  we  are  yet  without 
sufficient  knowledge  of  the  relative  econ- 
omy of  either  the  machines  or  the  lights, 
but  the  public  may  await  with  patience 
the  results  of  the  very  brisk  competition 
which  will  certainly  be  induced  by  the 
present  urgent  demand  for  improved 
systems  of  lighting. 


CONDITIONS  OF    MAXIMUM   MAGNETIZATION  OF  ELECTRO- 
MAGNETS. 

By  T.  DU  MONCEL. 
From  "  Comptes  Rendus  de  l'Academie  des  Sciences,"  Abstracts  published  by  the  Institution  of  Civil  Engineers. 


In  former  papers  the  maxima  condi- 
tions of  electro-magnets  have  been  de- 
duced from  formula?  in  which  it  has  been 
supposed  that  the  attractive  forces  were 
proportional  to  the  squares  of  the  intens- 
ities of  the  currents,  to  the  squares  of  the 
number  of  turns  or  convolutions  of  the 
magnetizing  helix,  to  the  diameter  of  the 
iron  core,  and  to  the  square  roots  of  their 
lengths.  The  Author  doubts  that  these 
laws  are  applicable  under  all  degrees  of 
magnetization,  and  he  has  already  pointed 
out*  considerable  departures,  within  cer- 

*  Comtes  Rendus,  vol.  lxxxv.,  pp.  377,  466,  4S1,  497  and 
652. 


tain  limits  as  regards  the  diameter  and 
length  of  core.  He  now  finds  this  also 
the  case  with  the  law  that  represents  the 
electro-magnetic  forces  as  proportional  to 
the  squares  of  the  intensities  of  the  cur- 
rent. It  has  long  been  known  that  Joule, 
de  Haldat,  Miiller,  and  Bobinson  have 
found  that  at  the  commencement  of  a 
current,  and  when  the  magnetic  state  of 
the  iron  is  far  removed  from  the  point  of 
saturation,  the  attractive  force,  instead  of 
increasing  as  the  square  of  the  intensity 
of  the  current,  increases  in  a  much  more 
rapid  ratio,  and  that  this  ratio  again 
diminishes  near  the  point  of  saturation, 


THE   PROGRAMME   OF   ENGINEERING. 


85 


remains  for  a  short  period  stationary  at 
this  limit,  and  subsequently  diminishes 
to  that  of  simple  proportionality  to  the 
current  intensities.  The  question  then 
arises,  what  should  be  the  resistance  of 
the  magnetizing  helix  with  regard  to  the 
exterior  circuit?  The  helices,  the  author 
concludes,  should  always  have  less  resist- 
ance than  the  exterior  circuit,  in  the 
amount  of  half  where  g  is  taken  as  varia- 

ble,  and  in  the  ratio  of  2«  +  -  to  a  +  c  in 

a 

the  case  where  the  variable  is  a.  It  is 
then  to  be   concluded  that   on  circuits 


where  the  interruptions  of  the  current 
are  multiplied,  the  resistance  of  the  elec- 
tro-magnets should  be  proportionally 
greater  as  the  completions  of  the  circuit 
are  of  shorter  duration ;  and  it  is  for  this 
reason,  as  well  as  for  faulty  insulation, 
that  Mr.  Hughes  has  considerably  re- 
duced the  resistance  of  electro-magnets 
employed  on  long  circuits.  On  a  line  of 
310^  miles,  Mr.  Hughes  has  found  that 
the  electro-magnets  of  his  instrument 
should  not  have  a  resistance  above  that 
of  74^  miles  of  the  line.  Of  course  the 
imperfections  of  insulation  conduce  also 
to  this  diminution. 


THE  PROGRAMME  OF  ENGINEERING  AND  OP  ARCHI- 
TECTURAL STUDENTS. 


From  "  The  Builder." 


We  have  regarded  the  main  divisions 
of  the  professional  study  of  the  engineer 
as  far  as  concerns,  first,  survey;  secondly, 
public  works  proper ;  and  thirdly,  the  ap- 
plication of  these  motor-powers  which 
nature  herself  offers  to  the  service  of 
man.  The  point  thus  reached  may,  in- 
deed, be  considered  as  a  sort  of  land- 
mark. The  discovery,  by  Watt,  of  a 
means  of  applying  for  the  production  of 
motion  the  expansive  power  of  steam, 
forms  an  epoch  in  the  history  of  engi- 
neering. The  mechanical  engineer  is 
sometimes  regarded  as  if  he  occupied  a 
lower  position  in  his  profession  than  his 
civil  brother.  No  view  can  be  more  in- 
accurate. The  civil  engineer  must  be,  to 
attain  any  eminence,  a  mechanist  and  a 
workman  als<$  Our  first  engineers  have 
been  mechanics.  The  minute  details  of 
the  locomotive  have  received  as  much  and 
as  enlightened  attention  from  Kobert 
Stephenson  and  from  Isambard  Kingdom 
Brunei  as  they  have  done  from  Fairbairn, 
or  from  any  exclusively  mechanical  man. 

The  use  of  steam-power,  first  for  the 
drainage  of  mines,  then  for  the  general 
movement  of  machinery,  and  thirdly  for 
propulsion  by  movable  engines,  both  by 
bond  and  by  sea,  had  attained  a  very  im- 
portant development  before  the  theory 
of  mechanical  motor-power  was  at  all 
properly    understood.      It   is    forty-five 


years  since  Ericcson,  by  his  successful 
construction  of  a  hot-air,  or  caloric,  en- 
gine, gave  a  practical  proof  that  the  value 
of  the  vapor  of  water  for  mechanical  pur- 
poses was  due  to  its  capacity  for  heat; 
and  that  heat  itself  was  the  source  of 
motion.  The  determination  of  the  ther- 
mal unit  was  a  step  of  extreme  import- 
ance in  the  advance  of  mechanical  sci- 
ence, and  the  researches  which  are  now 
being  daily  pressed  further  and  further 
into  the  study  of  electricity,  point  to  a 
possible  improvement  in  our  methods  of 
applying  the  force  of  nature,  as  much  in 
advance  of  our  present  mechanical  knowl- 
edge as  that  is  superior  to  the  science  of 
a  hundred  years  since.  It  is  true  that 
the  cost  at  which  a  certain  quantity  of 
heat  can  be  produced  by  the  combustion 
of  coal  is  very  far  less  than  that  attaina- 
ble by  any  other  known  process  of 
chemical  decomposition  or  recomposi- 
tion.  That  fact  has  been  a  barrier 
to  the  use  of  electro-mortar  machinery. 
But  the  discovery  of  the  conversion  of 
motion  into  the  electric  ciu-rent,  as  in  the 
case  of  the  magneto-electric  machines  of 
Gramme,  is  one  of  which  it  is  impossible 
to  foresee  the  ultimate  results.  We  can 
command,  in  the  tidal  movement  of  the 
sea,  a  source  of  motive  power  that  is 
practically  unlimited,  as  well  as  gratui- 
tous.    The  main  obstacle  to  the  future 
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application  of  this  power  to  the  service  of 
civilized  life  is  the  difficulty  of  transmis- 
sion. The  present  means  of  hydraiilic 
and  of  pneumatic  transmission  of  power 
are  limited,  costly,  and  clumsy,  as  com- 
pared to  the  use  of  the  insulated  wire  for 
the  transmission  of  the  electric  current. 
Up  to  the  present  time  only  currents  of 
low  tension  have  been  required  for  tele- 
graphic purposes.  But  the  extraordinary 
results  of  the  aj>phcation  of  a  steam-en- 
gine of  only  seven-horse  power  to  the 
production  of  the  electric  light  by  the 
Gramme  machine,  on  the  one  hand,  and 
the  discovery  of  the  quadruple  or  multi- 
ple divisibility  of  the  electric  current  on 
the  other,  seem  to  intimate  that  we  are 
possibly  on  the  threshold  of  brilliant  dis- 
coveries, as  to  the  means  of  availing  our- 
selves of  an  unlimited  source  of  motive 
power  now  very  little  employed  or  re- 
garded. 

It  is  thus,  'first  to  the  production,  and, 
secondly,  to  the  transmission,  of  mechani- 
cal motor-power,  that  we  hold  that  the 
chief  attention  of  the  engineer  is  invited 
by  the  actual  state  of  scientific  discovery. 
The  study  of  the  accumulator,  and  of  all 
the  appliances  of  hydraulic  transmission 
of  motion,  is  already  assuming  a  practical 
importance  hardly  less  that  of  the  study 
of  the  steam-engine  itself,  whether  fixed, 
marine,  locomotive ;  or  movable,  as  in  the 
case  of  agricultural  steam-engines.  As  to 
the  latter,  the  chief  attention  at  the  mo- 
ment, especially  on  the  Continent,  is 
turned  to  the  improvement  of  what  are 
called  secondary  locomotives,  which  are 
required  either  for  the  ascent  of  steep 
inclined  planes,  or  for  the  propulsion  of 
vehicles  or  tramways  at  comparatively 
low  speeds.  It  is  probable  that  the  ad- 
vantages thus  to  be  obtained  are,  at 
present,  rather  overrated  than  otherwise. 
The  economy  which  is  attainable  for  loco- 
motion over  an  approximate  level,  and  at 
a  speed  not  less  than  twenty  miles  per 
hour,  is  so  great,  as  compared  with  the 
former  methods  of  transport,  that  a 
saving  of  four-fifths  in  the  cost  is  esti- 
mated to  have  been  obtained.  But  with 
the  introduction  of  the  counteracting 
power  of  gravity,  in  steep  ascents,  and 
with  the  reduction  of  speed,  the  great 
economical  advantages  tend  to  disappear. 
We  may  find  a  steam-engine  cheaper  than 
a  pair  of  bullocks  to  take  a  given  load  up 
a  given  hill.     But  it  will  be  the  persons 


who  have  to  ascend  the  hill  who  will 
have,  as  a  rule,  to  provide  and  apply  the 
engine-power.  There  will  not  be  even 
that  return  for  the  expenditure  of  the 
capital  of  independent  persons,  who 
merely  seek  a  profit  for  their  money,  that 
is  afforded  by  our  railways;  and  even 
that  is  now  only  4.32  per  cent. 

After  the  general  study  of  the  engineer 
with  regard  to  the  apparatus  for  the  pro- 
duction, and  for  the  transmission,  of  me- 
chanical motor-power,  comes  the  wide 
field  for  his  skill  in  the  application  of 
such  power.  Here  we  enter  on  mechanism 
proper — industrial  mechanism,  the  sub- 
stitution of  mechanical  contrivances, 
exact  in  their  operation,  for  human  skill, 
which  is  less  exact.  The  line  may  here 
be  drawn  with  unusual  precision  between 
mechanism  and  art — between  the  me- 
chanic and  the  artist.  It  may  not  be  too 
much  to  say  that  we  anticipate  that  al- 
most anything,  for  the  production  of 
which  skill  may  be  acquired  as  matter  of 
routine,  will  sooner  or  latter,  be  better, 
as  well  as  more  cheaply,  effected  by 
machinery  than  by  human  fingers.  On 
the  other  hand,  in  all  that  into  which  the 
real  soul  and  genius  of  the  artist  enters 
— all  that  which  no  toil  or  labor  will  en- 
able an  unsympathetic  scholar  to  acquire 
— will  remain  the  province  of  man  as  dis- 
tinguished from  machinery.  In  the  vast 
factories  now  erected  for  the  production 
of  textile  fabrics,  the  operatives  are  be- 
coming, more  and  more,  the  mere  attend- 
ants on  the  machines.  The  saving  of 
labor  is  now  being  made  in  the  direction 
of  increasing  the  number  of  spindles,  of 
looms,  or  of  other  machines,  which  can 
be  tended  by  one  man.  But  while  a 
faultless  and  accurate  piece  of  machine- 
made  lace,  for  example,  is  turned  out  at 
an  incredibly  low  price  p* er  superficial 
inch,  the  manufacturer  of  this  fabric  does 
not  lower  the  price  of  Rose  Point  or  of 
Honiton.  The  individuality  of  the  artist, 
even  in  so  humble  a  matter  as  the  execu- 
tion of  a  delicate  pattern  in  thread,  can 
never  be  attained  by  the  machine.  When 
what  is  wanted  are  great  numbers  of  in- 
distinguishable copies,  they  will  be  pro- 
duced, from  year  to  year,  cheaper  (and 
it  may  be  hoped  better)  by  the  mechanic. 
When  what  is  required,  is  to  gratify  the 
taste,  or  to  elevate  the  tone,  it  will  always 
remain  the  province  of  the  author. 

It  is,  of  course,  far  beyond  our  present 
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limits  to  attempt  to  sketch  an  outline  of 
the  application  of  mechanical  power.  An 
instance  which  may  be  cited  as  one  of 
the  most  extraordinary  triumphs  of  this 
branch  of  mechanics,  of  recent  times,  is 
the  sewing  machine.  While  for  many 
purposes  the  work  done  by  this  instru- 
ment is  inferior  to  hand-work,  there  is  no 
doubt  that  the  burden  of  an  enormous 
amount  of  purely  mechanical  oil  is  thus 
taken  off  mankind,  or  rather  womankind. 
The  only  question  is,  how  far  the  work- 
woman has  been  raised  in  the  social  scale 
by  the  invention.  We  very  much  fear 
that  it  is  precisely  where  the  heaviest  bur- 
den formerly  fell  that  it  is  least  dimin- 
ished, even  if  changed  in  the  mode  of  its 
incidence,  by  the  change.  Amongst  the 
most  striking  of  the  modern  mechanical 
applications  of  scientific  principles,  of 
comparatively  late  discovery,  may  be 
named  the  bicycle ;  and  the  beautiful 
American  drilling  machine,  in  which  one 
coil  of  flexible  steel  wire  revolves  within 
another,  and  the  instrument  while  rapidly 
working  may  be  applied  in  any  direction. 
The  more  wide  becomes  our  acquaintance 
with  the  field  of  mechanical  invention, 
the  more  profound  will  be  our  conviction 
that  the  engineer  is,  in  this  branch  of  his 
calling,  but  at  the  very  commencement  of 
an  immeasurable  progress. 

Among  those  special  mechanical  indus- 
tries, which  at  the  present  moment  de- 
mand so  much  of  the  attention  of  the  en- 
gineer, may  be  mentioned  the  transmis- 
sion of  signals  to  a  distance  by  electricity, 
whether  they  are  designed  to  attract  the 
eye  or  the  ear ;  the  application  of  the 
same  power  to  purposes  of  illumination, 
whether  by  way  of  instant  ignition  and 
extinction  of  coal  gas,  or  as  a  direct 
source  of  light ;  the  labor-saving  machin- 
_ery  of  which  the  farmer  is  daily  making 
more  and  more  use,  and  the  application 
.of  steam  locomotive  power  to  what  are 
called  secondary  purposes — that  is  to  say, 
to  the  ascent  of  steep  hills,  or  to  the  pro- 
pulsion of  vehicles  through  the  streets  of 
populous  towns.  In  these  matters,  we 
see  on  the  one  hand  the  successful  appli- 
cation of  patient  care,  and  even  the 
flashes  of  brilliant  genius.  On  the  other 
hand,  we  have  to  lament  the  adoption  of 
.suggestions,  any  one  of  which  may  in  it- 
self be  good,  but  which,  taken  together, 
are  mutually  exclusive.  Such,  for  exam- 
ple, is  to  be  found  in  a  recent  report  on 


local  railways,  or,  as  we  should  call  them, 
tramways,  in  France,  in  which  the  combi- 
nation of  gradient,  engine-power,  weight 
of  rails,  and  possible  weight  of  train,  is 
so  impracticably  proportioned  that  no 
train  could  exceed  a  gross  weight  of  1\ 
tons,  exclusive  of  the  engine  ;  while  a  rate 
of  charge  equal  to  that  at  present  made 
for  horse  haulage  by  the  common  road 
would  be  insufficient  to  make  any  return 
on  the  capital  expended.  Here  is  a  case 
in  which  the  schoolmaster  is  signally 
abroad,  and  in  which  the  need  of  sound 
scientific  programme  is  abundantly  illus- 
trated. 

When  we  turn  from  the  rough  pro- 
gramme of  the  study  proper  for  the  edu- 
cation of  the  engineer  to  that  appropriate 
to  the  architect,  we  shall  see  that  there  is 
at  the  same  time  a  close  resemblance,  and 
a  sensible  difference,  in  the  points  which 
it  is  needful  to  block  out,  as  compared 
with  those  already  indicated.  As  the 
study  of  the  engineer  commences  with 
survey,  so  does  that  of  the  architect. 
But  as  the  aim  of  the  former  is  to  work 
in  accordance  with  mechanical  law  and 
routine,  while  that  of  the  latter  is  to  pro- 
duce the  work  of  the  artist,  so  from  the 
very  commencement  of  their  studies 
should  a  certain  difference  of  bias  be  im- 
pressed on  the  respective  pursuits  of  two 
students.  We  have  regarded  survey,  as 
conducted  by  the  engineer,  as  composed 
of  two  branches — that  of  the  making  of 
maps,  plans,  and  diagrams,  and  that  of 
the  inspection  of  materials  and  workman- 
ship. This  second  branch  is  common  to 
the  two  professions — the  differences, 
when  they  exist,  being  only  those  of  de 
tail.  But  while  the  work  of  the  engineer, 
in  the  wider  branch  of  science,  is  mathe- 
matical, that  of  the  architect  is  artistic. 
Not  that  the  importance  of  exact  and 
actual  measurement  of  details  is  to  be 
undervalued.  Not  that  the  drawing- 
board,  the  T  and  set  squares,  the  dividers, 
and  the  compasses,  ought  to  be  less 
familiar  implements  for  the  one  pupil 
than  for  the  other.  Not  even  that  we 
undervalue  for  the  engineer  the  use  of 
the  sketch-book.  But  his  sketch-book,  if 
what  it  ought  to  be,  will  be  something 
very  different  from  that  of  the  architect. 
A  certain  degree  of  proficiency  in  free- 
hand drawing,  desirable  for  every  one,  is 
indispensable  for  the  student  of  architect- 
ure.    Above  all,  he  must  be  gifted  with 
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that  power — rare  as  it  may  be — which 
enables  a  man  to  see  a  picture  where  it 
exists ;  in  fact,  to  appreciate  the  pictorial 
in  nature.  The  survey  of  the  architect, 
in  this  sense,  consists  in  the  filling  his 
mind  with  the  noblest  and  best  speci- 
mens of  structural  beauty  and  excellence. 
His  memory,  no  less  than  his  note-book, 
will  be  enriched,  his  taste  will  be  formed, 
and  his  judgment  enlightened  by  travel 
and  observation.  Not  only  will  he  have 
to  view  a  building  in  the  grand,  to  appre- 
ciate the  proportions  of  its  most  striking 
features,  and  to  apprehend  the  law  of 
architectural  subordination,  but  he  will 
at  the  same  time  become  aware  how  far 
climate  and  situation  are  elements  of 
style.  He  will  understand  how  Egyptian 
architects  burrowed  in  the  live  rock  for  a 
grateful  shade  from  the  burning  sun  of 
Africa ;  how  Greek  and  Italian  architects 
were  contented  with  the'  artificial  shade 
of  peri-style  or  of  vault  for  the  brief  heat 
of  the  Mediterranean  summer;  how 
Teutonic  architects  throw  up  pointed  and 
gabled  roofs  to  throw  off  the  burden  of 
the  winter  snows.  As  the  survey  of  the 
engineer  gives  him  exact  measurements 
of  space,  so  the  survey  of  the  architect 
should  give  him  truthful  ideas  as  to  sit- 
uation, adaptation,  and  proportion. 

Distinct  from  this  preparatory  school- 
ing and  enrichment  of  the  mind  is  scien- 
tific knowledge  of  structure,  both  as  to 
mathematical  construction  and  as  to 
strength  of  materials.  Here  the  architect, 
for  the  most  part,  has  to  deal  with  prob- 
lems of  less  magnitude  than  the  engineer ; 
and  tables  and  examples  will  be  readily 
forthcoming  to  guide  his  .ordinary  prac- 
tice. But  the  higher  and  more  scientific 
forms  of  structure  ;  the  groined  arch,  the 
flying  buttress,  the  frozen  cobwebs  of 
such  ceilings  as  those  of  King's  College 
Chapel,  Henry  VII.  s  Chapel,  St.  George's 
Chapel,  with  pendentives  that  seem  to 
mock  the  unsleeping  power  of  gravity ; 
the  heavy  dome  of  a  Michelangelo  or  of 
a  Wren ;  must  contain  no  secret  hidden 
from  his  research.  Perfect  structural 
skill,  founded  on  mathematical  knowledge, 
is  an  essential  part  of  the  furniture  of  the 
mind  of  the  architect. 

Hand  in  hand  with  this  structural  skill 
must  rank  what,  if  we  retain  the  original 
meaning  of  the  Greek  word,  may  be  call- 
ed the  economical  skill  of  the  architect — 
his   ability    in  the    distribution   of    the 


house.  This  part  of  his  qualification 
may  be  described  as  the  education  and 
organization  of  common  sense.  It  is  the 
portion  of  education  which  is  most  usual- 
ly and  most  cruelly  neglected,  not  in  one 
pursuit  alone,  but  in  the  general  up- 
bringing of  the  young  men  and  boys  of 
England.  By  the  service  of  this  faculty 
the  architect  learns,  as  if  instinctively,  to 
make  the  best  of  a  given  site,  to  prop  or 
tion  means  to  object,  to  subordinate  parts 
to  the  whole,  as  a  matter  of  distribution 
of  space.  All  questions  of  sanitary  pro- 
vision here  come  in ;  not  only  as  to  drain 
age,  ventilation,  illumination,  and  removal 
of  smoke,  but  as  to  due  proportion  of 
open  area  to  building,  of  vestibule  and 
staircase  to  rooms,  of  offices  and  stabling 
to  residences.  An  architect  possessed  of 
this  kind  of  ability  will  never  run  a  line 
of  street  so  as  to  cross  a  line  of  thorough- 
fare and  cut  off  a  main  street  ventilation, 
as  we  so  often  see  done  in  some  of  the 
ever-growing  suburbs  of  London.  He 
would  as  soon  make  his  drains  run  up 
hill  (as  in  fact  has  been  done  with  some 
of  the  main  drainage  of  London).  No- 
thing is  more  easy  than  to  undervalue,  or 
to  neglect,  this  important  part  of  the 
education  of  the  architect.  Nothing  is 
more  fatal  to  the  use  and  the  value  of  his 
advice. 

To  these,  the  mechanical,  although  far 
from  being  the  self-moving  parts  of  his 
art,  has  to  be  added  yet  another  element, 
— the  aesthetic.  Taste,  it  is  true,  cannot 
be  given  to  him  who  has  it  not;  but  it 
may  be  cultivated  in  him  who  has  it,  even 
if  the  portion  with  which  he  is  naturally 
gifted  be  but  meagre.  And  even  taste 
may  be  aided  by  intelligent  perception  of 
structural  fitness.  For  all  those  features 
of  building  which  give  the  finest  con 
trasts  of  light  and  shade  there  is  a  struc- 
tural reason.  The  man  who  attempts  to 
beautify  a  building  by  applique,  orna- 
ment, stuck  on  without  reason  arising 
from  structure,  produces  only  costly 
abominations.  It  requires  a  noble  and. 
a  cultured  taste  to  make  structural  lines 
assume  the  most  pictorial  forms,  as  is  the 
case  in  so  much  of  our  pointed  ecclecias- 
tical  work.  But  the  man  who  is  unaware 
of  his  primary  principle  of  decoration  is 
like  one  who  builds  sham,  ruins  to  deco- 
rate a  newly-planted  shrubbery.  The 
lamp  of  truth  can  never  be  left  unlighted 
by  any  one  who  aspires  to  the  name  or 
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the  name  of  an  architect,  except  at  the 
cost  of  his  reputation. 

Brief  and  imperfect  as  the  above  sketch 
admittedly  is,  it  may  yet  not  be  altogether 
without   use.     The   traveler  who  is   en- 
cumbered  with    parcels    soon    becomes 
aware  of  the  comfort  and  advantage  that 
he  derives  from  a  list  of  his  impedimenta. 
He  knows  each  package,  no  doubt,  well 
enough.     Yet  if  they  are  not  numbered 
or  catalogued  he  will  often  feel  puzzled 
to  tell  which  is  missing  in  the  hurry  of  a 
railway   station.      The   value    of    order, 
even  of   the   most   simple  and  artificial 
kind    of    order,    is     often    incalculable. 
Were  those  who  direct  architectural  edu- 
cation to  set  before  themselves  the  task 
of  blocking  out  the  duties  of  the  profes- 
sion— of  watching  against  the  danger  of 
directing  any  one,  instead  of  giving  at- 
tention in  proper  proportion  to  all — the 
buildings    how   going   on   all    over   the 
country  would  be  of  a  higher  stamp  than 
is   too    often  the  case.     It  is  no  doubt 
true,   when   we  look  back  to   the   work 
of   architects    of    a    former    generation, 
that   much    ignorance    and    neglect    of 
detail   often     characterize     their     work. 
We   may   see   many   a    building   which, 
viewed    at   a    certain    distance,    is    im- 
posing   from    its    just    or    even    noble 
proportions,  but  which  yet  pains  the  ed- 
ucated eye,  on  a  closer  approach,  by  its 
rudeness  or  even  vulgarity  of  detail.     It 
is  quite  intelligible  that  as  architects  have 
become  aware  of    this    deficiency   their 
efforts  to  obviate  it  may  have  led  them  to 
err  in  the  opposite    direction.      In  the 
careful  study  of  the  best  details  of  the  old 
masters,  the  students  have  but  too  nat- 
urally lost  what  is  more  important  than 
any  detail,  namely,  grasp  of  the  dominant 
idea.     With  men  of  real  taste,  and  real 
desire  to  excel,  it  ought  to  be  sufficient 
to  give  this  hint.     When  the  architect 
takes  breath — steps  back  from  his  draw- 
ing-board, as  the  painter  does  from  the 
easel — asks   himself,    "What,    after   all, 
was  the  original  motive  of  this  moulding, 
or   of  that  feature  of   detail?"  he  may 
often  start  to  see  how  he  is  forgetting 
the  whole  in  a  too  careful  study  of  the 
parts.     The  essential  value  of  an  exhaust- 
ive programme  may  thus  be  held  to  be 
twofold,  both  to  the  architect  and  to  the 
engineer.      First,    it    should   insure    ex- 
haustive  study,    by    enumerating    every 
branch  of  skill  and  learning  proper  to  the 


profession.  Secondly,  it  should  insure, 
by  the  order  of  its  own  arrangement,  a 
corresponding  order  in  the  mind  of  the 
student,  and  a  fit  subordination  of  parts 
to  a  complete  and  perfect  whole. 
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American  Society  of  Crvrx  Engineers. — 
The  last  issue  of  Transactions  contains: 

No.  143,  On  a  Newly  Discovered  Relation 
Between  the  Tenacity  of  Metals,  and  their  Re- 
sistance to  Torsion,  by  Root.  H.  Thurston. 

No.  144,  Observations  on  the  Stresses  De- 
veloped in  Metallic  Bars  by  Applied  Forces,  by 
Theodore  Cooper. 

No.  145,  Cushioning  the  Unprocting  Parts  of 
Steam  Engines,  by  John  W.  Hill. 

Discussions  of  previous  papers  by  Prof. 
Wood,  Edward  Searles,  J.  Foster  Flagg,  and 
others. 

EDINBURGH  AND  LEITH  ENGINEERS'  SO- 
CIETY.— A  meeting  of  this  Society  was 
held  on  Wednesday  evening,  November  20th, 
at  No.  5  St.  Andrew  square,  Mr.  Robert  C. 
Reid,  C.E.,  president,  in  the  chair.  A  paper 
was  read  by  Mr.  Robert  H.  Smith,  formerly 
Professor  of  Engineering  in  the  Imperial  Uni- 
versity of  Tokio,  Japan,  "On  the  Calculation  of 
the  Strains  and  Stresses  in  Redundant  Struct- 
ures." He  described  a  redundant  structure  as 
one  in  which  the  number  of  links  was  greater 
than  2n —  3,  where  n  means  the  number  of 
flexible  joints,  the  above-number  2n — 3  being 
just  sufficient  to  make  the  structure  stiff.  He 
pointed  out  that  what  is  usually  considered  a 
non-redundant  structure  becomes  redundant 
when  laid  upon  and  fixed  to  its  abutments,  and 
that  it  was  on  this  account  that  the  horizontal 
components  of  the  abutment  reactions  were 
usually  said  to  be  indeterminate.  He  then  de- 
scribed in  detail  the  graphic  and  other  methods 
of  calculating  these  horizontal  components  from 
the  moduli  of  elasticity  of  the  different  mem- 
bers and  of  the  abutments,  treating  separately, 
link-work  structures,  and  massive  arches, 
neither  of  which,  he  believed,  had  hitherto  been 
completely  investigated.  After  explaining  the 
application  of  the  general  method  to  structures 
of  any  degree  of  redundancy,  he  concluded 
with  some  remarks  upon  the  impossibility  of 
profitably  avoiding  all  redundancy  in  engineer- 
ing structures. 

INSTITUTION  OP  ClVTL  ENGINEERS.  —  The 
Council  of  the  Institution  of  Civil  Engi- 
neers are  inviting  communications  on  the  sub- 
jects named  below,  and  for  such  as  are  ap- 
proved they  are  prepared  to  award  premiums 
arising  out  of  the  special  funds  bequeathed  for 
the  purpose : — (1)  The  triangulation  survey,  and 
mapping  of  countries  and  districts,  includ- 
ing the  astronomical  observations  required  for 
latitude  and  longitude,  and  the  measurement  of 
bases',  with  a  description  of  the  instruments  em- 
ployed, the  reduction  of  the  observations,  and 
degree  of  accuracy  of  the  results;  (2)  The 
leveling  of  countries  either  by  spirit-leveling, 
vertical  angles,  barometers,  or  the  boiling  point 
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of  water;  with  a  description  of  the  instruments 
employed,  the  reduction  of  the  observations, 
and  degree  of  accuracy  of  results;  (3)  The  ef- 
fect of  the  lapse  of  time  on  the  strength  of 
materials  strained  beyond  the  supposed  limit  of 
elasticity,  but  within  the  ultimate  strength  ;  (4) 
The  stresses  inducing  the  failure  of  iron  ships, 
as  bearing  on  the  probable  endurance  of  large 
iron  structures  under  high  strains  and  repeated 
bendings ;  (5)  The  causes  of  slips  in  rocks  and 
earths  of  different  kinds,  and  the  conditions 
that  induce  treacherous  ground  in  railway  cut- 
tings, tunnels,  and  the  sides  of  valleys  near 
reservoir  banks;  (6)  The  best  combined  system 
of  warming,  ventilating,  and  lighting  large 
buddings;  (7)  The  most  suitable  materials  for, 
and  the  different  systems  of,  road-making  for 
large  towns,  where  the  traffic  is  heavy,  includ- 
ing a  comparison  of  first  cost,  maintenance, 
and  durability;  (8)  The  construction  of  iron 
piers  for  viaducts,  with  practical  examples  of 
French,  American  and  other  systems ;  (9)  The 
design  and  construction  of  a  steel  bridge,  with 
particulars  of  the  weight  and  cost,  and  of  the 
tests  to  which  it  has  been  subjected  compared 
with  an  iron  bridge  of  the  same  span;  (lU) 
The  works  carried  out  on  the  Continent  of 
Europe  for  the  improvement  of  rivers,  and  of 
inland  navigation  generally;  (11)  The  design 
and  construction  of  movable  weirs  across 
rivers;  (12)  The  treatment  of  estuaries,  with 
special  reference  to  tidal  capacity;  (13)  The  de- 
sign and  construction  of  dock  gates  and  cais- 
sons, including  the  requisite  external  and  in- 
ternal arrangements,  illustrated  by  recent  prac- 
tical examples;  (14)  The  design  and  construc- 
tion of  building  slips  for  large  vessels;  (15) 
The  construction  of  tide  gauges,  and  the  usual 
method  of  carrying  out  a  systematic  series  of 
tidal  observations;  (16)  The  storage  and  filtra- 
tion of  water,  both  natural  and  artificial,  and 
the  arrangements  for  the  distribution  of  water 
in  towns;  (17)  The  systems  of  domestic  water 
supply  suitable  for  rainless  districts;  (18)  The 
benefits  and  expedients  of  irrigation  in  India 
and  in  other  warm  climates,  and  the  proper 
construction  of  irrigating  canals,  so  as  to  avoid 
erosion  or  silting,  and  to  prevent  the  growth 
of  weeds;  (19)  The  bearing  of  recent  experi- 
ments on  the  resistance  of  vessels ,  and  on  skin 
friction,  upon  other  hydraulic  problems;  (20) 
The  most  recent  types  of  iron  sleepers  for  rail- 
ways, with  practical  results  and  statistics;  (21) 
The  best  practical  use  of  steam  in  steam  en- 
gines, and  the  effects  of  the  various  modes  of 
producing  condensation,  and  of  various  grades 
of  expansion;  (22)  Compressed  air  as  a  motive 
power,  particularly  as  applied  to  machinery  in 
mines,  and  for  traction  on  tramways  and  in 
tunnels;  (23)  The  relative  advantages  of  steam, 
heated  air,  gas,  water,  and  electricity  as  the 
motive  power  in  small  engines;  (24)  Wind  and 
water  as  motive  powers,  compared  with  steam 
power,  and  the  motors  most  suitable  for  utiliz- 
ing them;  (25)  The  differences  in  design  of 
British  and  foreign  locomotive  engines ;  show- 
ing the  benefits  derived  from  increase  in 
weight,  and  the  relation  that  ought  to  exist  be- 
tween the  diameter  of  the  wheel  and  the  load  it 
has  to  carry;  (26)  The  various  descriptions  of 
pumps  employed  for  raising  water  or  sewage, 


and  their  relative  efficiency;  (27)  The  different 
systems  of  lifts  in  use  in  warehouses  and  in 
dwellings;  (28)  The  relative  loss  of  power  due 
to  friction  in  various  parts  of  machinery;  (29) 
The  "  output"  of  coal  in  the  United  Kingdom, 
as  compared  with  that  of  other  countries,  illus- 
trated by  statistics,  showing  where  coal  is  pro- 
duced, where  and  how  it  is  consumed,  and  the 
relative  quantities  exported;  (30)  The  appli- 
ances and  methods  used  in  different  countries 
for  tunnel-driving,  rock-boring,  and  blasting, 
with  details  of  the  cost  and  of  the  results  at- 
tained; (31)  The  methods  and  machinery  em- 
ployed in  sinking  and  in  working  deep  coal 
mines;  (32)  Coal  depots  for  ocean  steamers,  the 
various  points  involved  in  their  management, 
and  the  methods  of  preserving  large  quantities 
of  coal  from  deterioration ;  (33)  The  metallifer- 
ous or  other  mining  districts  in  different  coun- 
tries, and  the  mode  adopted  in  working  them; 
(34)  The  methods  employed  in  seeming  the  ex- 
cavations in  mining  large  and  irregular-shaped 
mineral  deposits,  for  example,  the  Almaden 
mines,  the  Great  Comstock  lode,  etc. ;  (35)  The 
appliances  used  in  different  countries  for  dress- 
ing the  ores  of  lead,  copper,  zinc,  and  tin,  and 
the  smelting  of  such  ores,  with  details  of  the 
results  and  cost  by  various  methods ;  (36)  The 
disposal  and  utilization  of  slags  from  various 
smelting  processes;  (37)  The  management  of 
underground  waters  in  mining  districts,  and 
the  relative  economy  of  distributed  or  trunk 
pumping  engines,  adits,  etc.,  in  particular 
cases ;  (38)  Recent  progress  in  telegraphy,  with 
a  notice  of  the  theoretical  and  practical  data 
on  which  that  progress  has  been  based;  (39) 
The  application  of  electricity  to  lighting  pur- 
poses, contrasted  with  the  best  systems  of  light- 
ing at  present  in  use ;  (40)  Torpedoes,  and  their 
influence  on  naval  construction. 


IRON  AND  STEEL  NOTES- 

The  Cooling  of  Steel  During  Harden- 
ing. — One  of  the  most  serious  losses  com- 
mon to  our  tool  and  implement  manufactories 
is  that  of  the  cracking  and  splitting  of  steel 
during  the  hardening  process.  Not  only  is  the 
article  or  piece  lost  after  having  incurred  the 
cost  of  its  manufacture,  but,  in  many  cases,  the 
completion  of  the  machine  of  which  it  forms  a 
part  is  arrested  until  the  lost  piece  is  replaced. 
In  many  cases  this  is  done  at  increased  expense, 
because  the  piece  has  to  be  made  singly  instead 
of  with  a  number  of  others,  involving  as  much 
setting  of  machine  and  adjustment  of  tools  as 
would  be  required  for  a  large  number  of  pieces. 
Successful  hardening  and  tempering  is,  indeed, 
even  under  ordinary  and  unvarying  conditions, 
considered  and  kept  as  a  trade  secret.  Visitors 
are  excluded  from  the  hardening  and  tempering 
room.  In  some  cases  the  method  of  heating, 
in  other  cases  the  material  used  for  heating,  in 
yet  others  the  cooling  mixtures  form  the  sup- 
posed secret.  As  a  matter  of  fact,  however, 
some  of  the  very  best  tool  manuf  acturers  employ 
the  simple  open  fire  or  furnace  and  water,  and 
it  is  probable  that  with  these  two  simple  agents 
good  cast-steel  can  be  as  successfully  and 
properly  hardened  for  any  purpose  as  it  can  be 
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under  any  other  process,  and  the  advantage 
gained  by  heating  in  fluxes  consists  in  increased 
expedition  and  the  necessity  for  a  less  expert 
manipulation. 

The  splitting  or  cracking  of  steel  occurs 
during  the  cooling  part  of  the  hardening  pro- 
cess, and  is  to  be  easily  avoided  even  wilh  the 
most  unfavorable  of  steels,  if  the  conditions  of 
cooling  are  made  to  conform  to  the  form  and 
size  of  the  article.  The  cooling  is,  in  a  large 
majority  of  cases,  performed  by  dipping  the 
heated  steel  in  water  ;  and  the  manner  in  which 
the  dipping  is  performed  may  be  made  at  will 
to  crack,  warp,  or  straighten  the  article. 

The  instant  the  surface  of  a  piece  of  red-hot 
steel  enters  the  water  a  rapid  contraction  of  the 
submerged  portion  takes  place,  and  unless  this 
contraction  is  kept  equalized  to  suit  the  shape 
of  the  article,  the  side  or  part  most  contracted 
will  bend  hollow,  causing  the  diametrically  op- 
posite metal  to  bend  to  accommodate  the  inner 
curve.  Suppose,  for  example,  we  heat  a  piece 
of  steel,  an  inch  square  and  twelve  inches  long, 
to  a  red  heat,  and  dip  it  slowly  in  water,  so 
that  one  side  of  the  square  will  strike  the  sur- 
face flat  and  evenly  ;  then  that  surface  will 
contract  while  the  diametrically  opposite  or 
upper  surface  will  remain  expanded  ;  the  lower 
face  will  curve  to  a  concave,  the  upper  one  to  a 
convex.  If,  then,  such  a  bar  were  curved 
during  the  heating  process,  we  may  help  to 
straighten  it  by  dipping  it  slowly  in  the  water, 
with  its  convex  side  downward.  If  it  was  bent 
at  one  end  only,  we  may  dip  it  at  that  end  first, 
diagonally,  and  with  the  convex  side  down- 
ward. If,  however,  we  dip  it  with  its  length 
lying  either  diagonally  or  horizontally,  we  are 
apt  to  warp  it,  no  matter  how  quickly  it  may 
be  dipped,  and  the  reason  is,  in  addition  to  the 
above,  as  follows  :  Experiments  have  demon- 
strated that  the  greater  part  of  the  hardness  of 
steel  depends  upon  the  quickness  with  which 
its  temperature  is  reduced  from  about  500°  to  a 
few  degrees  below  500°,  and  metal  heated  to 
500°must  be  surrounded  by  a  temperature  which 
renders  the  existence  of  water  under  atmospheric 
pressure  impossible  ;  hence,  so  long  as  this 
temperature  exists,  the  steel  can  not  be  in  con- 
tact with  the  water,  or,  in  other  words,  the  heat 
from  the  steel  vaporizes  the  immediately  sur- 
rounding water.  The  vapor  thus  formed  pene- 
trates the  surrounding  water  and  is  condensed, 
and  from  this  action  there  is,  surrounding  the 
steel,  a  film  of  vapor  separating  the  water  "from 
the  steel,  which  continues  so  long  as  the  heat 
from  the  steel  is  sufficiently  great  to  maintain 
that  film  against  the  pressure  of  the  water  and 
the  power  of  the  water  which  rushes  toward 
the  steel  to  fill  the  spaces  left  vacant  by  the 
condensation  of  the  vapor  as  it .  meets  a  cooler 
temperature  and  condenses.  The  thickness  of 
the  vapor  film  depends  mainly  upon  the  tem- 
perature of  the  steel,  but  here  another  considera- 
tion claims  attention  ;  as  the  heated  steel  enters 
the  water,  the  underneath  side  is  constantly 
meeting  water  at  its  normal  temperature,  while 
the  upper  side  is  surrounded  by  water  that  the 
steel  has  passed  by,  and,  to  a  certain  extent, 
raised  the  temperature  of.  Hence  the  vapor  on 
the  underneath  side  is  the  thinnest,  because  it 
is  attacked  with  colder  water  and  with  greater 


force  because  of  the  motion  of  the  steel  in  dip- 
pings. Suppose,  now,  we  were  to  plunge  a 
piece  of  heated  steel  into  water,  and  then  slowly 
move  it  laterally,  the  side  meeting  the  water 
would  become  the  hardest,  and  would  be  apt  to 
become  concave  in  its  length. 

From  these  considerations  we  may  perceive 
how  important  a  matter  the  dipping  is,  espe- 
cially when  it  is  remembered  that  the  expansion 
which  accompanies  the  heating  is  a  slow  pro- 
cess compared  to  the  contraction  which  accom- 
panies the  cooling  (alihough  their  amounts  are 
of  course  precisely  equal),  and  that  while  un- 
equal expansion  can  only  warp  the  article,  un- 
equal contraction  will  in  a  great  many,  or,  in- 
deed, in  most  cases,  cause  it  to  crack  or  split. 

After  an  article  is  dipped  to  the  required 
depth,  it  should,  if  straightness  is  of  importance, 
be  held  quite  still  until  reduced  to  the  tempera- 
ture of  the  water,  because,  if  taken  out  before 
so  reduced  in  temperature,  it  is  especially  apt 
to  crack ;  and  it  is  better  to  have  a  deep  tank  of 
water,  if  the  body  of  the  metal  is  great,  so 
that  the  steel  may  be  dipped  slowly  downward 
and  become  cooled  sufficiently  rapidly  to  harden 
without  any  lateral  movement,  except  it  be 
after  the  steel  has  lost  its  redness. 

When  a  piece  of  steel  requires  to  be  hardened 
at  one  end  only,  the  dipping  must  be  performed 
with  a  view  to  make  the  graduation  from  the 
soft  to  the  hard  metal  extend  over  a  broad  sec- 
tion of  metal ;  for  if  the  junction  of  the  hard- 
ened with  the  soft  metal  is  abrupt,  the  hardened 
end  is  apt  to  break  short  off.  The  method  of 
dipping,  therefore,  is,  in  this  case,  to  plunge 
the  end  of  the  steel  vertically  into  the  water,  to 
a  depth  a  little  more  than  equal  to  the  depth  it 
requires  hardening,  and,  after  holding  it  still 
there  until  it  is  black  hot  (that  is,  as  soon  as  its 
redness  is  gone)  dip  it  slowly  a  little  deeper, 
and  then  raise  it  up  to  the  amount  of  the  in- 
creased dipping,  and  slowly  immerse  again. 

When  a  piece  of  metal  requires  hardening 
and  tempering  at  one  part  only,  we  may  heat 
the  steel  back  of  the  part  to  be  tempered  to  red- 
ness, and  dip  the  article  so  as  to  harden  the  re- 
quired part,  and  leave  sufficient  heat  in  the  con- 
tiguous metal  to  raise  the  temperature  of  the 
hardened  part  enough  to  temper  it.  This  pran 
is  always  followed  in  the  tempering  of  the  lathe 
and  planer  tools,  flat  drills,  Arc.  If,  however, 
the  method  of  dipping  is  to  hold  the  steel  in 
the  water  at  an  even  depth  after  the  immersion, 
the  temper-color  will  be  very  narrow,  while,  if 
the  steel  is  raised  and  lowered  in  the  water,  the 
color-band  will  be  broad. — Polytechnic  Review. 


RAILWAY  NOTES. 

The  fact  that  some  steel  rails  wear  much 
longer  than  others  has  attracted  much  at- 
tention from  engineers  and  metallurgists.  The 
question  is  one  of  considerable  importance,  and 
for  this  reason  different  rails,  which  had  been 
in  use  on  the  Pennsylvania  railway,  have  been 
carefully  analyzed,  and  their  chemical  compo- 
sition and  other  qualities  ascertained  and  com- 
pared with  their  wear.  Dr.  Dudley,  chemist  in  the 
testing  department  of  that  railway,  read  a  paper 
at  a  late  meeting  of  the  American  Institute  of 
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Mining  Engineers,  in  which  some  of  the  results 
of  his  investigations  were  given.  These  con- 
firm the  observation  often  made,  that  the  hard- 
est rails  do  not  wear  the  longest.  The  wear  to 
which  steel  rails  are  subjected  is  that  of  rolling 
friction,  which  is  in  reality  a  succession  of 
blows.  The  effect  of  blows  on  a  hard  sub- 
stance is  to  crumble  it,  wbile  on  the  softer  ma- 
terials a  permanent  distortion  or  change  of  form 
is  effected,  which  is  in  reality  the  "flow"  of 
the  metal  under  the  pressure  of  the  blows.  A 
material,  then,  which  is  so  soft  that  it  will  not 
crumble,  and  so  hard  that  it  will  not  flow,  will 
probably  offer  the  greatest  resistance  to  wear 
under  a  succession  of  blows  like  those  produced 
by  rolling  friction.  The  question  is  of  great 
importance,  as  uniformity  in  quality  of  steel 
rails  would  secure  a  great  annual  money  sav- 
ing. 

It  is  stated  that  chilled  wheels  were  used  on 
the  Emperor  Eerdinand  Northern  railroad, 
of  Austria,  as  early  as  1855,  and  have  ever  since 
increased  in  number,  so  that  now,  with  10,000 
luggage  tracks,  23,140  such  wheels — 21,696 
from  Ganz  and  Co.,  Buda,  and  1,144  from 
Count  Andrassy's  works,  at  Dernoe  —  are  in 
use.  The  following  figures  are  deduced  from  a 
table  giving  some  data  concerning  the  life  of 
chilled  wheels  on  the  Northern  railroad.  The 
time  is  given  and  not  the  mileage ;  the  latter  can 
be,  however,  approximately  found  by  multiply- 
ing the  years  by  the  average  mileage  per  year, 
namely,  every  wheel  is  guaranteed  to  last  five 
years,  and  in  case  of  failure  is  exchanged  by 
the  manufacturer.  Between  the  years  1855  and 
1872,  4,309  chilled  wheels  were  bought;  of 
these,  25,497  or  74  31  per  cent,  were  exchanged 
before  reaching  five  years  of  service,  and  up  to 
1878,  6,505  more,  or  19.2.  per  cent.,  had  been 
disabled,  leaving  but  2,307  still  in  use.  Of  the 
latter  number,  10  have  been  running  since  1862, 
41  since  1864,  129  since  1865  and  1867,  530  since 
186S  and  1869,  709  since  1870,  and  888  since 
1871  and  1872.  In  the  last  five  years  an  addi- 
tional number  of  '^4,854  was  bought,  and  of 
these,  5,465  have  failed  already.  The  average 
life  of  those  wheels  that  failed  before  reaching 
the  guaranteed  time  was  3  '1  years,  and  the  av- 
erage life  of  wheels  which  exceeded  five  years 
but  failed  before  1878  was  seven  years,  giving  a 
total  average  life  of  3.9  years  for  the  wheels 
that  failed.  The  2,307  wheels  still  remaining 
will  probably  not  exceed  an  average  of  4.5 
years.  From  1865  to  the  end  of  1877  only  thir- 
teen wheels  have  been  broken. 


ENGINEERING  STRUCTURES. 

The  English  Channel  Tunnel. — The 
Channel  Tunnel  is  still  only  a  possibility. 
Nothing  is  being  done  on  the  English  side,  but 
on  the  French  coast  the  borings  are  continued, 
and  the  information  obtained  confirms  the  geo- 
logical evidence  on  the  strength  of  which  the 
undertaking  was  proposed.  The  scheme,  how- 
ever, does  not  meet  with  favor  in  influential 
circles  here. — English  Mechanic. 

The  Grand  Canal  op  China. — This  canal 
is  likely  to  share  the  fate  of  the  Great 


Wall.  This  water-way  was  constructed  by 
Kublai-Khan  and  his  successors  of  the  Yuen 
race,  and  is  600  miles  in  length.  There  are 
10,000  flat -bottomed  boats  on  this  canal,  and 
these  are  used  in  the  transportation  of  grain. 
The  Echo  states  that  this  great  water-way  is  an 
enormous  "white  elephant,"  as  it  costs  an 
enormous  amount  every  year  for  repairs,  the 
appropriations  there,  as  elsewhere,  not  being 
entirely  devoted  to  the  purpose  for  which  they 
are  meant.  Junks  are  delayed  every  month 
while  channels  are  dug  for  their  passage.  This 
year,  for  the  first  time  since  the  construction  of 
the  canal,  the  grain  from  Nanking,  with  the 
consent  of  the  government,  has  been  forwarded 
by  sea,  and  this  fact  has  impelled  the  Peking 
authorities  to  consider  the  expediency  of 
abandoning  the  canal  as  a  commercial  highway. 


ORDNANCE  AND  NAVAL. 

DETERMINATION  OF  THE  RESISTANCE  OF- 
FERED to  Ships.  —  In  an  article  con- 
tributed to  the  Rwista  marittima,  Signor  A. 
Lettieri  has  described  an  apparatus  for  determ- 
ining the  resistance  offered  to  ships  by  experi- 
ments on  their  models.  The  inventor  considers 
that  the  determination  of  the  resistance  encoun- 
tered by  a  vessel  moving  at  different  velocities 
in  still  water  is  a  most  important  question, 
which  has  been  solved  by  Mr.  Froude.  The 
law  which  this  gentleman  has  formulated,  by 
which  to  deduce  the  resistance  met  by  a  vessel 
from  those  encountered  by  its  model,  Signor 
Lettieri  considers  to  have  been  fully  verified  by 
the  experiments  made  by  Mr.  Froude  on  the 
Greyhound  and  its  model.  The  further  prose- 
cution of  similar  experiments  Signor  Lettieri 
thinks  useful,  or  even  necessary,  with  the  view 
of  ascertaining,  before  the  launch  of  a  vessel, 
the  curve  of  the  resistance  that  it  will  encoun- 
ter with  different  loads  and  displacements. 
Being  unacquainted  with  the  apparatus  used  by 
Mr.  Froude,  Signor  Lettieri  has  invented  one 
of  his  own,  the  description  of  which  he  illus- 
trates with  a  drawing.  In  experiments  of  this 
nature  the  elements  to  be  determined  are  two: 
the  uniform  velocity,  and  the  resistance  encoun- 
tered at  that  velocity.  The  first  of  these  is  ob- 
tained by  the  measure  of  the  space  passed 
through  in  a  unit  of  time.  It  is,  therefore,  de- 
sirable to  have  an  apparatus  which  shall  graph- 
ically denote  this  velocity  by  a  curve,  and  refer 
it  to  a  measure  of  the  resistance.  To  effect  this, 
Signor  Lettieri  has  designed  a  vertical  cylinder 
(the  drawing  shows  the  length  to  be  fourteen 
times  the  diameter,  but  neither  scale  or  dimen- 
sions are  given),  which  revolves  on  a  fixed  axis. 
The  upper  part  of  this  axis  sustains  a  pulley,  and 
a  second  pulley  is  fixed  beneath  the  cylinder, 
with  a  small  dram  on  its  axis.  A  line  attached 
to  the  drum  passes  over  the  upper  pulley,  and 
sustains  a  scale  pan,  to  which  is  fixed  a  pencil, 
the  point  of  which  presses  against  the  cylinder. 
The  model  is  attached  by  a  line  to  the  lower 
pulley,  so  that  the  descent  of  the  weight  cor- 
responds to  the  movement  of  the  model  through 
the  water ;  while  the  weight  itself  is  a  measure 
of  the  resistance.  Movement  is  given  to  the 
vertical  cylinder  by  means  of  a  pair  of  conically- 
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toothed  wheels,  one  of  which  is  attached  to  the 
cylinder  itself.  The  motion  of  the  latter  being 
made  thus  uniform,  and  its  velocity  known, 
the  curve  traced  on  it  by  the  pencil  will  indicate 
the  relation  between  the  movement  of  the 
model  and  that  of  the  cylinder,  and  will  form 
a  regular  spiral  when  both  movements  are  uni- 
form. The  remainder  of  the  paper  is  occupied 
by  an  algebraical  investigation  of  the  curves 
thus  to  be  obtained,  and  by  the  relation  be- 
tween the  weight  placed  in  the  scale  pan,  and 
the  resistance  encountered  by  the  model  in  its 
passage  through  the  water. 


BOOK  NOTICES. 

Outlines  op  Modern  Organic  Chemistry. 
By  C.  Gilbert  Wheeler.  Professor  of 
Chemistry  in  the  University  of  Chicago.  Chica- 
go :  Jansen,  McClurg  &  Co. 

The  selection  of  materials  for  this  compact 
little  volume,  from  the  great  mass  of  materials 
at  hand,  has  been  judiciously  done. 

The  student  is  supposed  to  be  familiar  with 
modern  Inorganic  Chemistry ;  he  will  then  find 
this  the  best  supplement  to  his  course  that  he 
could  well  get,  unless  he  intends  to  become  a 
professional  chemist.  For  all  other  needs  of  a 
student  this  work  is  sufficient. 

The  typography  is  excellent,  the  chemical 
formulas  being  exceptionally  neat 

The  Hempstead  Storage  Reservoir  op 
Brooklyn  :  Its  Engineering  Theory 
and  Results.  By  Saml.  McElroy,  C.E.  New 
York  :  D.  Van  Nostrand.     Price  50  cts. 

This  pamphlet  discusses  certain  important 
questions  of  hydraulic  engineering  upon  which 
the  author  has  taken  issue  with  the  engineers 
by  whom  the  late  construction  of  the  Brooklyn 
works  has  been  directed. 

As  presented  by  Mr.  McElroy,  engineers  will 
find  the  discussion  very  interesting.  The  esti- 
mates and  promises  of  the  projectors  of  the 
work  as  completed  are  carefully  compared  with 
the  performance  down  to  very  recent  date. 

HYDRAULICS  AND  PNEUMATICS.      By  PHILIP 
Magnus.     London  :  Longmans  &  Co. 
1878:    Price  75  cts. 

This  volume  of  the  London  Elementary  Sci- 
eace  Classbooks,  by  one  of  the  editors  of  the 
series,  is  intended  for  upper-form  pupils  about 
to  commence  the  study  of  a  branch  of  physics 
which  has  an  important  connection  with  prac- 
tical mechanics.  The  method  of  treatment  em- 
ployed is  in  some  respects  novel,  the  more  popu- 
lar course  of  illustration  by  experiment  being 
used  as  much  as  possible;  while,  when  it  is  nec- 
essary to  deduce  results  by  the  help  of  mathe- 
matics from  more  elementary  principles,  the  ex- 
perimental proof  is  likewise  superadded.  The 
subject-matter  is  divided  into  short  sections  in 
a  convenient  way  for  the  classroom,  and  to 
most  of  these  a  set  of  exercises  is  appended. 
At  the  end  of  the  volume  a  series  of  miscel- 
laneous problems  is  given.  The  information 
supplied  is  well  brought  up  to  date,  and  the 
diagrams  and  other  illustrations  are  abundant 
and  suitable. 


RESEARCHES    IN    GRAPHICAL    STATICS.        By 
H.  T.  Eddy,  C.E.,  Ph.D.     New  York  : 
D.  Van  Nostrand.     Price  $1.50. 

These  "Researches"  include  a  considerably 
amplified  edition  of  two  papers  entitled  re- 
spectively "  Certain  New  Constructions  in 
Graphical  Statics"  and  "A  New  Fundamental 
Method  in  Graphical  Statics,"  originally  read 
by  the  author  at  Buffalo,  in  1876,  and  of  a  third 
paper  containing  considerable  new  matter  in 
problems  relating  to  the  combination  of  states 
of  stress,  and  entitled  ' '  The  Theory  of  Inter- 
nal Stress  in  Graphical  Statics." 

In  the  first  paper  the  author,  who  is  Profes- 
sor of  Mathematics  and  Civil  Engineering  in 
the  University  of  Cincinnati,  deals  largely  with 
the  various  forms  of  the  elastic  arch,  and  has 
aimed  by  presenting,  so  to  speak,  a  pictorial 
representation  of  the  thrusts,  moments  and 
shears,  to  make  clear  those  relations  which  in 
the  analytic  method  are  obscured  by  the  intri- 
cacy of  the  required  formulae.  He  also  gives  a 
new  investigation  of  the  continuous  girder  with 
various  sectional  areas,  as  well  as  graphical  so- 
lutions of  many  problems  relating  to  domes  of 
iron  and  masonry,  the  stability  of  retaining 
walls  and  other  matters. 

Professor  Eddy  discusses  the  stability  of  arch 
ribs,  with  and  without  hinge  joints,  by  means 
of  the  "Equilibrium  Polygon."  In  arches  a 
special  polygon  appertains  to  a  given  arch  and 
load,  in  which  the  horizontal  stress  is  the  actual 
horizontal  thrust  of  the  arch.  The  methods 
used  to  obtain  the  latter  depend  upon  the  separ- 
ation of  the  stresses  induced  by  the  loading 
into  two  parts;  one  part  being  sustained  by  the 
arch  in  the  same  manner  as  an  inverted  suspen- 
sion cable,  that  is,  as  an  equilibrated  linear  arch, 
and  the  remaining  in  virtue  of  its  reaction  as  a 
girder.  When  this  thrust  has  been  obtained, 
the  equilibrium  polygon  permits  of  an  immedi- 
ate determination  of  all  other  questions  re- 
specting stresses,  whether  induced  by  load, 
change  of  temperature,  or  otherwise,  because, 
as  demonstrated  in  two  places  by  Professor 
Eddy,  if  the  equilibrium  polygon  and  the  arch 
itself  regardecl  as  another  polygon,  are  so 
placed  that  their  ' '  closing  lines  "  coincide,  and 
their  areas  partially  cover  each  other,  the  ordi- 
nates  intercepted  between  these  two  polygons 
are  proportional  to  the  real  bending  moments 
acting  in  the  arch. 

As  a  practical  example  of  the  arch  rib  with 
fixed  ends,  the  author  takes  the  St.  Louis  steel 
bridge,  and  confirms  the  original  calculations, 
and  as  an  illustration  of  his  graphical  method 
applied  to  the  elucidation  of  the  really  inde- 
terminate strains  on  the  stays,  and  stiffening 
girder  of  a  suspension  bridge  of  the  Roebling 
type,  he  takes  the  Cincinnati  and  Covington 
Bridge  of  1075  ft.  span.  The  author  appears 
to  prefer  a  flexible  arch  rib  with  stiffening 
girder  to  the  rigid  rib  universally  adopted,  and 
would  anchor  the  girder  to  the  piers  in  such  a 
state  of  bending  tension  as  to  exert  considerable 
pressure  upon  the  arch.  This  in  effect  is  an 
adaptation  of  the  American  system  of  ' '  coun- 
terbracing"  in  "  quadrangular "  trusses  to  the 
special  case  of  an  arch,  and  may  be  advantage- 
ous in  pin-jointed  structures.  He  makes  the 
somewhat   surprising    statement  that  the    St. 
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Louis  Bridge  (525  ft.  span)  is  wanting  in  "  ini-  j  solution  of  sulphurous  acid  —  obtained  by  burn- 
tial  stiffness"  to  such  an  extent  that  the  weight  ing  iron  pyrites  and  condensing  the  fumes  in 
of  a  single  person  is  sufficient  to  cause  a  con-  .water — heating  the  acid  solution  in  a  coil  of 
siderable  tremor  over  an  entire  span.  This  may  '  cast-h-on  pipes,  and  allowing  the  liquor  to  settle 
appear  incredible  to  engineers  who  have  neither  !  in  tanks,  where  the  phosphate  of  alumina  de- 
been  intrusted  with  the  building  of  a  wrought-  posits  in  the  form  of  a  white  powder, 
iron  or  steel  arch  bridge  nor  have  watched  with  The  application  of  the  spectroscope  for  de- 
intelligence  the  proceedings  of  others,  but  will-  termining  the  precise  moment,  when  the  charge 
be  looked  upon  rather  as  an  interesting  con-  of  pig-iron  in  the  Bessemer  converter  has  been 
firmation  of  their  own  experience  by  those  re-  burned  into  steel,  induces  the  editor  to  give  an 
sponsible  for  the  design  of  such  structures.  We  ;  epitome  of  the  theory  of  the  spectrum,  which 
know  of  no  wrought-iron  arch  bridge  in  this  will  prove  acceptable  to  practical  men,  though 
country  which  has  not  exhibited  this  sensitive- ;  we  must  warn  them  against  some  of  his  notions, 
ness  to  vibration,  and  so  long  ago  as  1868,  in  j  The  use  of  spectral  analysis  for  quantitative  de- 
criticising  the  proposed  design  for  the  St.  Louis  !  terminations,  as  suggested  by  Lockyer  and 
Bridge,  we  predicted  that  it  would  prove  un-  Roberts,  is  mentioned,  though  we  doubt  whether 
usually  "lively,"  unless  the  arch  rib  or  spandril   it  is  good  for  anything. 

filling  was  made  considerably  stiffer  than  was  j  The  articles  on  water  and  wine  disclose  a 
at  that  time  proposed.  In  execution,  the  arch  j  very  dismal  state  of  things.  It  appears  that  the 
rib  was  made  twelve  feet  instead  of  eight  feet  '  so-called  filtration  of  the  Thames  water  by  the 
deep,  but  even  then,  owing  to  the  intentional  Metropolitan  companies  is  absolutely  worthless, 
absence  of  all  rigidity  in  the  spandril  filling  the  ;  Prof.  Frankland  has  demonstrated  that  in  the 
bridge,  though  enormously  strong,  is  still  to  the  [  river  water  supplied  to  London  the  soluble  or- 
inexperienced  eye  rather  too  sensitive  to  trern-  \  ganic  matters  and  some  of  the  suspended  mat- 
ors.  This,  after  all,  should  be  no  matter  for  |  ters  of  sewage  and  manure  reach  the  water- 
surprise  or  alarm,  since  we  need  not  go  further  '  drinker  in  a  few  hours,  and  in  substantially  the 
than  Westminster  to  find  conditions  of  strata  !  same  condition  in  which  they  leave  the  sewers 
such  that  the  passage  of  a  spring  van  down  the  j  and  the  fields.  Turning  to  the  paper  on  wine, 
roadway  will  set  thousands  of  tons  of  soil  and  i-we  learn  that  the  manufacture  of  wines  is  now 
houses  into  very  perceptible  vibration.  j  carried  on  as  openly  as  any  legitimate  trade, 

In  the  paper  entitled  "A  New  General  Meth-  i  sherry  and  champagne  in  particular  being  sub- 
od  in  Graphical  Statics,"  a  fundamental  process  :  ject  to  a  complicated  artificial  treatment.  Can 
or  method  is  established  of  the  same  generality  ;  the  adulteration  act  not  be  applied  to  the  ven- 
as  the  "  Equilibrium  Polygon."  The  new  meth-  j  dors  of  "plastered  "  and  " fortified "  "sherry  and 
od  is  designated  as  that  of  the  Frame  Pencil,  j"  scented"  champagne?  The  production  of 
and  both  the  methods  are  discussed  side  by  side  !  aniline  without  the  use  of  arsenic  must-  be  con- 
in  order  that  their  reciprocal  relationship  may  ]  sidered  a  great  improvement.  The  use  of  sal- 
be  made  the  more  apparent.  |  icylic  acid  for  antiseptic    purposes   seems  to 

Finally,  the  author,  by  a  presentation  of  the  |  spread;  not  only  beer  and  wine,  but  bread  and 
subject  of  internal  stress  from  a  graphical  point  j  meat  may  be  kept  by  it  for  several  weeks  in 
of  view  has,  he  believes,  added  a  branch  to  the  !  good  condition.  In  the  account  of  the  applica- 
science  of  graphical  statics  which  has  not  here-  j  tion  of  dynamite  in  the  clearing  of  land,  we 
tofore  been  recognized  as  susceptible  of  graphi-  j  miss  the  information  supplied  by  Trautzel  in 
cal  treatment,  and  by  which  the  entire  investi-  the  well-known  little  book  of  his.  In  sugar- 
gation  is  brought  within  the  reach  of  any  one  t  refining,  evaporation  of  the  syrup  by  means  of 
who  might  wish  to  understand  it. — Engineering.  |  blowing  air  through  the  mass,  has  been  advant- 
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ageously  used  by  E.  Moride  at  Nantes.  He  suc- 
ceeds in  bringing  the  syrup  to  85  and  even  40 
deg.,  without  changing  its  color  or  inverting 
the  crystalline  sugar.  The  saving  in  time  and 
fuel  is  considerable.  The  final  evaporation  has, 
however,  to  be  effected  in  vacuum. 

Although  the  larger  and  more  complete  arti- 
cles in  this  dictionary  are  devoted  to  manufac- 
tures and  mines,  considerable  space  is  devoted 
to  mechanical  arts.     Anions:  others  of  these  no- 


re's  Dictionary  op  Arts,  Manufac- 
ture, and  Mines.  By  Rob:  rt  Hunt, 
F.  R.  S.,  assisted  by  numerous  contributors. 
Vol.  IV.  Supplement.  Longmans,  Green  and 
Co.     1878.    Price  $12.00, 

Scientific  discoveries  follow  one  another  in 
these  days  so  closely,  and  the  application  to  the 
industrial  arts  takes  place  so  rapidly,  that  sci- 
entific and  technical  dictionaries  must  almost 
immediately  after  their  appearance  be  followed  !  ticed  in  this  division  of  the  supplement  before 
by  the  publication  of  supplemental  parts.  The  ,  us,  is  "Agricultural  Mechanics,"  a  title  much 
volume  before  us  is  well  up  to  date;  it  contains  more  comprehensive  than  the  articles  that  have 
notices  of  the  liquefaction  of  the  so-called  per-  j  commonly  been  written  under  it.  In  a  diction- 
manent  gases,  and  of  the  telephone.  In  glanc-  ary  we  cannot  expect  to  find  a  treatise  on  each 
ing  over  the  articles  devoted  to  the  more  im-  subject,  and  must,  therefore,  overlook  incom- 
portant  chemical  industries,  we  find  them,  with  '  pleteness  in  the  consideration  of  machinery  in 
few  exceptions  only,  replete  with  the  best  in-  j  detail,  and,  perhaps,  to  some  extent,  number  of 
formation.  i  implements  referred  to  under  a  title  such  as  the 

The  refining  of  pig-iron,  and  in  particular  the  '  above.  But  it  should  be  complete  as  far  as  it 
elimination  of  the  phosphorus,  is  a  subject  of  j  goes.  We  have  in  this  article  reference  to 
much  interest.  Jacobi  proposes  to  separate  the  j  steam  ploughing  apparatus,  mowing  and  reap- 
phosphorus  from  the  ore  itself  by  breaking  the  :  ing  machinery,  thrashing  machines,  corn  ele- 
latter  into  small  pieces,  calcining  in  vertical  j  vators,  chaff  cutters,  and  pullers, 
kilns,  heating  the  calcined  mass  in  tanks  with  a  |      Under  the  head  of  electric  light,  a  clear  de- 
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scription  is  given  of  the  Siemens  dynamo-elec- 
tric machine,  and  of  the  Gramme  machine,  and 
the  principle  upon  which  it  is  constructed. 
The  description  of  the  former  is  rendered  less 
clear  by  the  incorrect  use  of  capital  letters,  in- 
stead of  italics,  in  the  bottom  line  of  page  339. 
In  dealing  with  rock  boring  machinery,  a 
very  useful  and  satisfactory  sketch  of  recent 
advances  in  this  direction  is  given.  Of  wood- 
working machinery  some  excellent  examples 
are  given,  but  it  seems  hardly  fair  that  all  these 
should  bear  the  name  of  one  maker,  however 
good.  — Abstract  from  Engineer. 

The  Elements  of  Graphical  Statics  and 
their  Applications  to  Framed  Struc- 
tures, with  Numerous  Practical  Examples 
op  Cranes,  Bridge,  Roof  and  Suspension 
Trusses,  etc.  By  A.  Jay  DuBois,  C.  E. ,  Ph. 
D.     New  York.     1875.     John  Wiley  &  Son. 

In  the  course  of  a  review  of  DuBois'  "Graph- 
ical Statics,"  published  in  the  ZeitscJirift  des  Ver. 
Deutsch  lag,  the  writer  says : 

"  This  surprisingly  long  title  is  followed  by  a 
preface  of  ten  closely- printed  pages,  which  con- 
tains notices  valuable  to  the  student  while  using 
the  book.  The  table  of  contents,  of  twelve 
pages  of  fine  print,  is  preceded  by  a  four-page 
note,  'Elements  of  Graphic  Statics,'  intended 
especially  for  student  and  teacher.  Then  fol- 
lows, under  the  title  'Introduction,' an  excel- 
lent and  exact  translation  (!),  including  refer- 
ences of  the  capital  work  of  our  German  col- 
league, Dr.  J  Weyrauch,  '  Ueber  die  Qraph- 
isehe  Statik,'  Leipzig :  Verlagwn  Teuhner.  The 
title  of  the  first  chapter,  '  Historical  and  Criti- 
cal/ is  accompanied  by  an  asterisk  with  the  ref- 
erence '  Weyrauch,  U.  S.  W. ;  and  in  his  pre- 
face DuBois  says :  '  For  the  historical  and  criti- 
cal introduction  we  are  indebted,  a  few  altera- 
tions excepted,  to  the  pen  of  Weyrauch.  It  will 
be  useful,  &c. ,  &c.'  As  regards  the  '  few  alter- 
ations'  of  DuBois,  we  have  not  been  able  to 
discover  them,  except  in  the  omission  of  several 
scientific  references  of  Weyrauch.  The  Ameri- 
can reader  is  led  to  infer  from  DuBois' jnethod 
of  reference  that  only  one  page  of  his  '  Intro- 
duction '  is  taken  from  VV  eyrauch ;  when,  in 
fact,  as  I  find  after  a  thorough  examination, 
there  are  twenty-seven  pages  of  close  transla- 
tion. 

"  What  particular  use  was  made  of  Culmann, 
Mohr,  Ritter,  Winkler  and  Reuleaux,  and  how 
much  Cremona,  Favaro  and  others  were  stud- 
ied, after  the  entire  literature  had  been  collated 
by  Weyrauch's  diligence  for  the  benefit  of  the 
translator,  we  shall  not  determine ;  but  to  Du- 
Bois belongs  the  credit  of  industry  in  collect- 
ing, and  of  the  introduction  of  practical  ex- 
amples." 

Such  a  work  will  find  recognition  among 
German  scholars;  and  because  of  the  want  of 
such  a  work,  long  felt,  his  American  colleagues 
will  gladly  avail  themselves  of  its  benefits ;  es- 
pecially in  view  of  the  fact  that  he  has  made 
use  of  the  very  abundant  literature  on  the  sub- 
ject in  German,  French,  Italian  and  English, 
which  ha3  appeared  since  the  first  edition  of 
Culmann's  Graphic  Statics,  in  such  a  way  that 
one  can  obtain  a  comprehensive  view  of  all  the 
works  which  the  subject  comprises.     Teacher 


and  student  are  under  obligations  to  him  for 
having  made  it  possible  to  got  a  clear  appre- 
hension of  the  controversy  concerning  the  ne- 
cessity of  the  use  of  the  methods  of  the  so-called 
Modern  Geometry,  as  maintained  by  Culmann, 
in  opposition  to  the  methods  of  Bauschinger, 
who  dispenses  with  the  Modern  Geometry. 
The  author  has  avoided  partial  treatment  by  the 
introduction  of  the  elegant  methods  of  Von 
Standt,  adapted  by  Reye  to  Graphic  Statics, 
into  his  translation  of  Weyrauch's  work,  mak- 
ing its  use  possible  to  those  who,  already  en- 
gaged in  professional  lrfe,  have  never  studied 
the  Modern  Geometry;  and  who  have,  there- 
fore, been  obliged  to  give  preferences  to  the 
graphic  methods  deduced  by  analysis.  Though 
the  author  inclines  to  Bauschinger's  methods, 
which  prevail  in  Germany,  we  must  object  to 
his  selection  of  details  merely  from  the  diligent 
work  of  the  German  scholar,  when  he  should 
have  presented  his  elaborated  material  entire. 
For  example:  Bauschinger  undertakes  the 
laborious  task  of  determining  the  center  of 
gravity  of  a  rail-section;  DuBois  merely  gave 
Bauschinger's  diagram  —  which  is  a  master- 
piece of  drawing  —  to  the  lithographer,  who 
copied  it  correctly,  but  not  with  the  delicacy 
and  precision  of  the  original.  Besides  this, 
' '  entire  plates  show  a  lack  of  the  care  in  delin- 
eation which  is  required. in  a  work  like  this." 

We  would  not  convey  the  impression,  by  our 
severe  criticism,  that  this  work  is  not  of  extra- 
ordinary advantage  for  American  students  and 
teachers.  On  the  contrary,  we  think  it  will  be 
of  great  use  to  practical  men,  because  of  the 
numerous  examples;  and  to  the  scholar,  be- 
cause of  Weyrauch's  diligent  collation  of  au- 
thorities. 

The  book  is  recommended  to  German  read- 
ers, especially  to*  students,  as  a  good  exercise 
book  in  English,  on  account  of  its  clearness  of 
exposition  To  the  American  student  it  is  es- 
pecially useful,  because  of  the  careful  directions 
given  in  the  introduction  as  to  the  order  of 
reading  and  the  arrangement  of  material. 


[Note.  —  An  abstract  of  the  above  review 
was  given  in  our  November  issue.  As  the  au- 
thor expressed  some  dissatisfaction  with  the  in- 
completeness of  the  translation,  in  his  note  in 
the  December  number,  we  have  given  above 
the  entire  review.  — Ed.] 

A  Text-Book  on  the  Steam  Engine.  By 
T.  M.  Goodeve,  M.A.  New  York:  D. 
Van  Nostrand.     {In  preparation.) 

Those  best  acquainted  with  the  subject  are 
aware  that  the  English  literature  of  the  steam 
engine  is  exceedingly  imperfect.  A  consider- 
able number  of  treatises  on  the  theory  and 
practice  of  steam  engineering  has  been  written 
and  published,  but  not  more  than  half  a  dozen 
of  these  treatises  deserve  a  place  in  a  well 
selected  library.  The  little  volume  before  us 
may  be  regarded  as  one  of  the  best  text-books 
of  the  steam  engine  of  its  size  that  have  yet 
been  produced ;  and  we  say  this  advisedly,  and 
giving  due  consideration  to  the  writings  of 
Lardner,  Bourne,  Rankine,  Cotterell  and  1-iigg. 

Professor  Goodeve  has  given  us  a  treatise  on 
the  steam  engine  which  will  bear  comparison 
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with  anything  written  by  Huxley  or  Maxwell, 
and  we  can  award  it  no  higher  praise.  The 
author's  brief  preface  so  plainly  sets  forth  the 
plan  of  the  book  that  we  reproduce  it  just  as 
it  stands : — 

"The  first  chapter  contains  a  sketch  of  the 
steam  engine  as  it  existed  in  the  time  of  "Watt, 
together  with  an  account  of  the  ideas  then 
prevalent,  as  to  the  nature  of  heat,  and  con- 
cludes with  a  summary  of  some  physical 
properties  of  steam.  The  second  and  third 
chapters  are  occupied  by  an  investigation  of  the 
principles  of  the  modern  theory  of  heat  in  its 
applicaton  to  the  steam  engine.  Then  comes  a 
chapter  on  the  conversion  of  motion,  which 
deals  with  certain  salient  points  in  the  mechan- 
ism of  an  engine,  The  fifth  chapter  is  mainly 
devoted  to  the  expansion  of  steam,  to  the  action 
of  valves,  and  to  the  application  of  Watt's 
indicator.  The  sixth  chapter  treats  of  boilers 
and  the  consumption  of  fuel.  The  seventh 
chapter  is  on  compound  cylinder  engines,  and 
is  illustrated  by  some  drawings  of  the  engines 
constructed  by 'Messrs.  Maudslay,  Sons  &  Field, 
for  the  White  Star  line  of  Mail  steamers,  making 
the  voyage  between  Liverpool  and  New  York. 
Finally,  there  is  a  chapter  on  miscellaneous 
details,  such  as  steam  engine  governors, 
Giffard'  s  injector,  and  the  link  motion  The 
work  concludes  with  a  series  of  examination 
questions.  The  author's  chief  object  has  been 
to  point  out  the  influence  which  the  change  in 
our  views  as  to  the  nature  of  heat  has  excercised 
on  the  practical  construction  of  the  steam 
engine,  and  he  has  further  endeavored  to  show 
the  manner  in  which  Watt's  diagram  of  energy 
has  enabled  us  to  accomplish  a  scientific  analy- 
sis of  the  action  of  heat  engines  generally,  and 
in  particular  of  the  steam  engine,  under  all  its 
varied  forms. " 

Space  would  fail  us  did  we  attempt  to  follow 
our  author  through  his  volume,  and  indicate 
step  by  step  the  way  in  which  he  has  carried 
out  the  programme  which  we  have  reproduced 
above.  The  book  is  an  octavo  of  269  pages, 
and  its  price  is  so  moderate  that  no  one  interest- 
ed in  the  steam  engine  need  be  without  it. 

A  large  portion  of  the  volume  is  devoted  to  a 
consideration  of  the  laws  of  heat  as  affecting 
the  steam  and  other  engines,  and  he  has 
actually  succeeded,  or  we  are  very  much 
mistaken,  in  making  the  theory  of  heat  engines 
perfectly  intelligible  without  *  having  recourse 
to  any  but  very  simple  and  easily  manipulated 
formulae.  This  is  in  itself  a  considerable 
achievement. 

As  an  example  of  this  useful  quality,  let  us 
take  an  instance  at  haphazard.  Our  author  is 
dealing  with  the  properties  of  a  vapor,  and  he 
points  out  that  a  vapor,  being  a  gas,  has  that 
property  of  indefinite  expansion  which  char- 
acterizes gases.  It  follows  that  if  a  small 
quantity  of  vapor  be  formed  in  a  closed  vessel, 
it  will  expand  and  fill  the  whole  of  it.  There 
are,  he  goes  on  to  say,  two  cases  to  be  consider- 
ed: (1)  when  the  vapor  is  in  contact  with  the 
generating  fluid,  (2)  when  it  is  entirely  separated 
therefrom.  It  would  be  very  easy  to  write 
many  pages  considering  these  two  cases,  but 
our  author  does  nothing  of  the  kind ;  he  cites 
an  experiment  which  places  the  facts  which  the 


student  has  to  learn  at  once  before  his  mind's 
eye.  We  have  never  seen  any  allusion  to  this 
experiment  in  any  other  book,  and  we  therefore 
reproduce  our  author's  account  of  the  way  in 
which  it  is  to  be  performed: — 

"Take  a  barometer  tube,  say,  about  33  inches 
long,  and  closed  at  one  end.  Fill  it  with  clean 
mercury,  which  may  be  done  by  pouring  in 
mercury  nearly  to  the  level  of  the  open  end, 
closing  the  end  with  the  finger,  and  then  pass- 
ing the  large  bubble  of  air  two  or  three  times  up 
and  down  the  tube.  This  removes  all  the  min- 
ute bubbles  of  air  which  adhere  to  the  glass,  and 
mercury  may  be  added  up  to  about  -£  inch  from 
the  open  end;  then  fill  this  empty  space  with 
bisulphide  of  carbon,  a  very  volatile  liquid,  and 
insert  the  tube  in  a  deep  well  of  clean  mercury. 
The  bisulphide  of  carbon  will  rise  to  the  top  of 
the  tube,  vapor  will  form  in  the  empty  space 
above  the  mercury,  and  will,  by  its  pressure, 
drive  down  the  column  of  mercury  so  as  to 
shorten  it  considerably  as  compared  with  the 
column  in  an  ordinary  mercurial  barometer. 
We  have  accordingly  a  small  layer  of  liquid 
lying  on  the  top  of  the  mercury,  and  several 
inches  of  apparently  empty  space  above  the 
liquid.  A  singular  result  may  now  be  exhibit- 
ed. Depress  the  tube  by  the  finger  so  as  to 
sink  it  in  the  well  or  cause  it  to  rise  higher, 
when  it  will  be  found  that  the  height  of  the 
column  within  the  tube — measured  from  the 
surface  of  that  in  the  well — remains  absolutely 
constant.  If  the  tube  be  raised  quickly  the 
liquid  begins  to  boil,  fresh  vapor  is  formed 
instantly,  and  the  pressure  is  kept  at  a  constant 
j  intensity;  on  the  other  hand,  a  portion  of  the 
vapor  passes  into  the  liquid  state,  when  the 
space  which  it  fills  is  contracted,  and  nothing 
will  alter  permanently  the  height  of  the  mer- 
curial column  except  a  permanent  change  in 
the  temperature  of  the  liquid  and  the  tube. 

No  illustration  of  the  operation  of  a  great 
natural  law  could,  we  think,  be  happier. 
Hypercritics  may  take  exception  to  the  use 
made  by  the  author  of  the  word  vapor,  yet  it 
would  perhaps  be  impossible  to  find  any  other 
which  would  answer  the  required  purpose 
equally  well. 

Not  the  least  valuable  portion  of  Mr.  Good- 
eve's  work  is  that  in  which  he  handles  Carnot's 
principle,  which  affords  a  remarkable  example 
of  a  great  truth  evolved  from  a  wholly  errone- 
ous premise.  Carnot  believed  that  heat  was  a 
material  fluid,  and  yet  he  evolved  the  truth  that 
as  the  whole  work  done  by  a  heat  engine  is 
traceable  to  the  disappearance  of  heat,  and  to 
that  alone,  it  follows  that  a  heat  engine  is 
entirely  independent  of  the  nature  of  the  sub- 
stance with  which  it  performs  its  functions. 
Whether  the  apparatus  is  a  steam,  air,  or  ether 
engine,  the  result  is  the  same.  The  amount  of 
work  done  by  a  reversible  heat  engine  depends 
only  on  the  constant  temperatures  at  which 
heat  is  received  and  at  which  it  is  rejected,  and 
is  uncontrolled  by  the  nature  of  the  interme- 
diary agent,  such  as  steam  or  air.  It  is  impos- 
sible to  attach  too  much  importance  to  this  law. 
Because  it  has  been  overlooked,  much  money 
has  been  wasted  in  vain  endeavors  to  attain  an 
economy  which  cannot  be  had 
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II. 


HEIGHT  OF  SURCHARGE,  IN  ORDER  THAT  THE 
CENTER  LINE  OF  ARCH  RING,  MAY  BE  A 
POSSIBLE    CURVE    OF    PRESSURES. 

51.  Let  it  be  required  to  find  the 
projjer  height  from  the  soffit  to  the  top 
of  roadway,  in  order  that  the  center  line 
of  the  arch  may  be  a  possible  line  of 
pressures. 

The  black  line  at  the  top,  Fig  8  shows 
the  line  of  roadway  for  the  segmental 
arch  of  100'  radius  and  4'  depth  of  key- 
stone, found  by  the  following  approxim- 
ate construction: 

Divide  the  semi  arch  into  nine  portions 
uax,  axa2,  .  .  . ,  each  of  the  same  horizon- 
tal length ;  the  weight  of  each  j)ortion  is 
nearly  proportional  to  its  medial  vertical 
line,  limited  by  the  soffit  and  roadway 
(yet  to  be  found),   drawn   through  the 

centers  cx,  c2, The  horizontal  ak. 

and  the  line  ka9  drawn  tangent  to  the 
center  line  at  ag  represent  the  directions 
of  the  resultant  pressures  at  a  and  a9, 
assuming  the  pressure  at  a0  to  be  tangent 
to  the  center  line.  From  the  point  A 
draw  A2,  A3, . . .  parallel  to  c„  c2,  c,2c,3  —  ; 
the  points  of  the  type  c  lying  in  the  center 
of  the  arch  ring;  also  draw  the  vertical 
1,  10,  at  such  a  distance  Al,  that  12  is 
equal  to  the  distance  from  the  soffit  at  cx 
to  the,  roadway.  Then  23,  34,  ...  .  are 
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the  heights  from  the  soffit  to  the  road- 
way at  c2,  c3,  .  .  .  .  ,  which  may  now  be 
laid  off  as  in  the  figure. 

The  accurate  construction  is  as  follows : 
the  horizontal  thrust  acting  at  a  must  be 
combined,  at  the  intersection  of  ak  with 
the  vertical  through  cl3  with  such  a  force 
12  (force  diagram)  that  the  resultant  will 
pass  through  the  center  line  at  ax.  This 
resultant  is,  in  turn,  produced  to  inter- 
section with  the  vertical  through  c3, 
where  it  must  be  combined  with  such  a 
force  23  that  the  resultant  A3  will  pass 

through  a2,  and  so  on ;  the  forces  1 10 

being  thus  found  and  laid  off  as  before. 
Now,  since  the  resultants  at  ax,  a„, ...  are 
tangent,  or  very  nearly  tangent  for  a 
segmental  arch,  to  the  center  line,  their 
directions  are  evidently  parallel  to  the 
chords  c,,  c2,  c2,  cs,  .  .  .  as  assumed  in  the 
first  construction. 

It  is  seen  from  Fig.  8,  that  a  hghtening 
of  the  spandrel  walls,  about  from  as  to  a8, 
conduces  to  stability.  This  is  often  done 
in  large  bridges.  By  this  means  the 
ignorant  mason  who  built  the  Pont-y-Tu- 
Prydd  arch  of  140  feet  span,  35  feet  rise 
and  only  1  foot  6  inches  depth  of  rubble 
arch  ring  in  the  body  of  the  arch,  man- 
aged to  cause  the  bridge  to  stand ;  which 
when  first  built  fell,  by  the  weight  of  the 
haunches  forcing  up  the  crown. 
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On  being  rebuilt,  the  spandrels  were 
lightened  by  cylindrical  openings,  the 
spaces  between,  being  filled  with  char- 
coal (see  Van  Nostkand's  Magazine  for 
March  1873,  p.  193)  and  the  bridge 
stands  to  this  day.  Though  it  evidently 
does  not  admit  of  heavy  rolling  loads, 
may  suffice  for  a  light  traffic.  As  a  pre- 
cedent however,  in  construction  it  is  to 
be  avoided. 

52.  On  testing  a  parabolic  arch  of  200' 
span  and  100'  rise  in  the  same  way,  the 
line  limiting  the  roadway  will  be  found 
to  be  everywhere  the  same  vertical  dis- 
tance from  the  soffit;  so  that  where  the 
surcharge  is  very  high  the  parabola  is  the 
best  form  of  arch  ring. 

This  may  be  shown  analytically,  in  an  easy 
manner.  Thus  conceive  alf.  az  .  .  .  a9  consist 
of  a  thin  metallic  ring,  that  is  to  sustain  a  uni- 
form horizontal  load,  w  per  foot,  without  bend- 
ing; required  the  form  of  the  curve  a  .  .  ag.  It 
is  necessary  that  the  line  of  pressures  coincides 
throughout  with  the  rib,  for  if  it  departs  from 
it  at  any  point,  the  resultant  on  that  point 
multiplied  by  its  lever  arm  to  that  point,  gives 
a  bending  moment,  which  the  thin  rib  is  sup- 
posed incapable  of  resisting.  (See  art.  4  Fig.  2.) 

Let  aK  be  the  axis  of  X,  the  vertical  down 
from  a  the  axis  of  Y.  The  resultant  at  a  is  the 
horizontal  thrust  Q.  Now  take  moments  of 
this  force,  and  the  downward  acting  weight  on 
the  part  aae,  about  a6,  whose  coordinates  are  y 
and  x, 

.\M=Qy-— 5-r. 


Now  M  must  equal  zero  for  every  point  of  the 
arch,  in  which  case  the  line  of  pressures   will 
coincide  with  the  figure  of  the  rib. 
Placing  M=o,  we  deduce, 
2Q 

W  a 

the  equation  of  a  parabola,  Q.E.D. 

53.  We  see  from  the  foregoing  that 
for  a  simple  arch  ring,  or  for  a  uniform 
horizontal  load  on  the  ring,  and  approxi- 
mately for  a  very  deep  surcharge,  level  at 
top,  the  parabola  is  the  best  form  for  the 
arch  ring. 

For  bridges  level  at  top,  at  [least  for 
bridges  whose  rise  is  not  over  1  span, 
the  circular  is  a  better  form  than  the 
parabolic.  It  is  needless  to  speak  of  the 
superiority  of  the  segmental  arch  over 
the  elliptical  and  allied  forms,  whose  in- 
herent weakness  at  the  haunches  is  gen- 
erally remedied  by  a  greater  depth  of 
arch  ring,  a  sufficient  reason  for  choosing 

"  The  rainbow's  lovely  form  " 

as  the  best  figure  for  an  arch,  however 
beautiful  the  elliptical  or  oval  curve  may 
be  considered  in  itself. 

54.  Fig.  8  will  suffice  to  illustrate  the 
common  method,  as  given  by  many 
authors,  of  binding  the  curve  of  press- 
ures. Extend  «A  to  c,,  then  draw  C&  \\ 
A2,  which  is  thus  the  resultant  on  joint 
ai:  Extend  this  resultant  to  intersection 
with    vertical    through   e2,    from   which 
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point  draw  c„ca  ||  A3  and  so  on.  This 
method,  so  simple  in  theory,  does  not 
work  well  in  practice,  owing  to  the  fact 
that  any  error  made  in  finding  any  point 
of  the  curve  of  pressures  is  carried  on ; 
whereas  by  the  method  given  in  art.  2, 
any  error  made  is  confined  to  the  joint 
where  it  is  made.  It  is  evident  that  by 
the  latter  method,  using  straight  edged 
rulers  and  triangles  (steel  are  the  best), 
feathered  edged  scales,  prickers,  hard 
pencils  and  smooth  paper,  that  the 
centers  of  pressure  should  be  found  al- 
most to  a  very  needle  point.  Such  accu- 
racy is  moreover  essential  to  properly 
testing  an  arch  ring.  It  is  well  to  ob- 
serve that  the  constructions  can  be  made 
by  drawing  only  a  very  few  lines.  In 
fact  too  many  lines  only  serve  to  con- 
fuse the  drawing  and  should  be  avoided. 


CURVE  OF  PRESSURES  CORRESPONDING  TO  THE 
MINIMUM  AND  ALSO  TO  THE  MAXIMUM 
HORIZONTAL  THRUST  IN  AN  UNSYMMET- 
RICAL   ARCH. 

55.  These  cases  were  not  demonstrated 
for  an  unsymmetrical  arch  in  Part  1, 
though  they  offer  no  difficulty,  and  are 
essential  to  a  complete  investigation  of 
the  stability  of  an  arch.  In  Fig.  9,  eca 
represents  an  unsymmetrical  arch,  or  an 
arch  acted  on  by  forces,  not  symmetrical 
— vertical  or  inclined. 

Let  P= resultant  of  the  external  forces, 
acting  on  the  arch  between  a  and  c,  not 
including  the  reaction  R  at  a.  Then  on 
combining  ~R=ak,  with  P,  we  get  the 
center  of  pressure  c  on  the  joint  ccx. 
Similarly  we  could  proceed  for  other 
points  b,  d,  e,  of  the  curve  of  pressures, 


corresponding  to  the  resultant  R  — .ah, 
acting  through  a  in  the  direction  ok. 

Let  axb  cxd  ex  be  a  second  curve,  cor- 
responding to  the  reaction  R'  at  ax.  Now 
if  S  is  such  a  force,  acting  towards  the 
left,  that  when  combined  with  R,  it  gives 
R'  as  a  resultant,  we  can  find  a  point  cl5 
on  joint  ccx,  of  the  new  curve  of  press- 
ures, either  by  combining  R'  with  P  as 
before,  or  by  combining  its  components 
with  P :  thus  call  the  resultant  of  R  and 
P,  T  ;  this  combined  at  I  with  S,  gives  a 
resultant  which  cuts  joint  ccx  at  cl5  a 
point  lying  between  kl  and  c,  kl  being  in 
the  direction  of  s  produced. 

56.  By  this  construction,  it  is  seen 
that  the  new  curve  of  pressures,  corre- 
sponding to  the  reaction  R'  at  a',  passes 
through  b  and  d  the  points  where  kl  in- 
tersects the  first  curve  of  pressures ;  for 
other  joints,  as  eex,  the  new  curve  lies 
nearer  kl  than  the  first  curve ;  since 
when  s  acts  to  the  left,  the  combination 
of  T,  for  any  joint,  with  S  gives  a  re- 
sultant acting  between  T  and  S,  which 
therefore  cuts  the  joint  nearer  kl  than 
the  first  curve ;  since  when  S  acts  to  the 
left,  the  combination  of  T,  for  any  joint, 


with  S,  gives  a  resultant  acting  between 
T  and  S,  which  therefore  cuts  the  joint 

nearer  kl  than  the  first  center  of  press- 
ure. 

The  above  supposes  that  neither  R  nor 
S  are  vertical,  but  that  both  act  to  the 
left,  whence  the  horizontal  component  of 
R'  exceeds  that  of  R.  The  joints  are, 
moreover,  not  supposed  inclined  more 
than  90°  from  the  vertical  counting  from 
the  top. 

57.  Prop.  If  two  curves  of  firessure 
cut  each  other,  the  curve  which  lies  near- 
est the  straight  line,  which  joins  their  com- 
mon points,  corresponds  to  the  greatest 
horizontal  thrust. 

We  have  seen  in  the  preceding  article 
that  the  two  curves  can  only  intersect  on 
the  straight  line  kl  (Fig.  10)  as  implied 
hi  the  proposition. 

Now  if,  at  any  joint  ccx,  the  center  of 
pressure  cx,  corresponding  to  the  curve 
axbcxdex,  lies  nearer  kl,  the  straight  line 
joining  b  and  d,  than  the  curve  abode, 
then  we  may  suppose  a  force  S,  acting  in 
the  direction  kl,  to  be  combined  with  T 
at  I,  to  effect  it.  The  force  S,  thus  found, 
must  therefore  when  combined  with  E  at 
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a  give  R';  since  R  and  S  produce  the 
some  effect  as  R';  so  that  all  points  of 
the  first  curve  can  be  found  by  combin- 
ing R  with  the  resultant  of  the  forces  P, 
up  to  the  joint,  and  afterwards  combining 
their  resultant  with  S. 

The  forceS,  acting  to  the  left,  increases 
the  horizontal  component  of  the  result- 
ants on  each  joint;  hence  the  curve 
aficfle^  corresponds  to  greater  horizontal 
thrusts  than  the  ciuwe  abcde,  as  stated  hi 
the  proposition. 

If  the  arch  is  symmetrical,  the  curves 
of  pressure  are  symmetrical  with  respect 
to  the  crown,  whence  hi  must  be  hori- 
zontal, whence  follows  the  conclusions  of 
art.  4.  Part  1  demonstrated  these  in 
another  manner. 

58.  1/.  If  a  curve  of  pressures  has  two 
points  common  to  the  intrados  and  an 
intermediate  point  common  to  the  extra- 
dos,  it  corresponds  to  the  minimum  hori- 
zontal thrust. 


For,  suppose  the  curve  abcde,  Fig.  10, 
touches  the  extrados  near  c,  the  intrados 
on  both  sides  nearer  the  abutments. 

Then  any  other  curve  of  pressures, 
al  bc1  de^  that  remain  in  the  arch  ring, 
must  cut  the  first,  only  in  points  on  the 
straight  line  hi,  joining  any  two  points 
of  intersection. 

Now  the  new  curve,  near  the  points  of 
contact  of  the  first  curve  with  the  con- 
tour curves  of  the  arch  ring,  must,  if  it 
remains  in  the  arch  ring,  pass  nearer  hi 
than  the  first  curve;  whence,  by  Prop. 
art.  57,  the  first  curve  corresponds  to  a 
less  horizontal  thrust.     Q.E.D. 

2/.  If  a  curve  of  pressures  abcde, 
Fig.  11,  has  two  points  of  contact  b  and 


d  with  the  extrados,  and  an  intermediate 
point  of  contact  c  with  the  intrados,  it 
corresponds  to  a  minimum  horizontal 
thrust,  if  bed,  in  the  vicinity  of  c,  lies 
between  the  intrados  and  the  straight 
line  bd. 

For  any  other  curve,  lying  in  the  arch 
ring,  as  the  dotted  curve,  must  lie  nearer 
the  straight  line  hi,  joining  their  points 
of  intersection,  than  the  first,  in  the 
vicinity  of  b  c  and  d,  and  thus  corre- 
sponds to  a  greater  horizontal  thrust. 

3/.  If  however,  the  intrados,  in  the 
vicinity  of  c  lies  between  the  curve  bed, 
Fig.  12,  and  the  straight  line  bd,  the 
curve  corresponds  to  a  maximum  hori- 
zontal thrust  /  since  this  curve  lies 
nearer  hi  than  any  other  as  the  dotted 
curve  of  pressures. 

It  is  seen  that  hi  in  Fig.  11  lies  above 
bd,  whereas  the  reverse  occurs  in  Fig.  10. 

59.  "When  a  curve  of  pressures  possess- 
es both  the  properties  of  the  maximum 
and  minimum  of  the  thrust,  the  arch  is  at 
the  limit  of  stability;  as  see  all  the 
figures  relating  to  the  experiments  in 
Part  I.  The  above  principles  were  first 
stated  by  Dr.  Hermann  Scheffier. 

60.  When  the  arch  is  symmetrical,  the 
curves  of  pressure  are  so,  whence  follow 
the  conclusions  of  arts.  5  and  6  of  Part  I, 
including  the  cases  not  there  demonstrat- 
ed. The  second  case  of  the  minimum  is 
but  rarely,  if  ever,  found  in  practice; 
and  of  course  does  not  occur  when  the 
first  case  obtains. 

61.  For  the  mature  hypothesis  of  in- 
compressible voussoirs,  that  curve  of 
pressures  which  corresponds  to  the 
minimum  of  the  thrust  is,  by  the 
principle  of  the  least  resistance,  the  true 
one. 

We  have  previously  explained  in  art  .27 
how  this  principle  is  modified  for  mate- 
rials used  in  practice,  both  by  their  com- 
pressibility and  by  the  cutting  of  the 
stones. 

We  infer,  from  the  reasoning  in  art.  27, 
that  with  well  fitting  stones  and  unyield- 
ing abutments,  that  the  actual  line  of 
pressures  in  an  arch  is  found  within 
limits,  approximately  equidistant  from 
the  center  hue  of  the  arch  ring,  and 
having  the  characteristics  of  both  the 
max.  and  the  rain,  of  the  thrust  within 
those  limits.  Thus  in  Fig.  12,  the  dotted 
line  represents  the  actual  line  of  press- 
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tires  within  the  limits  drawn,  since  the 
part  abc  corresponds  to  the  max.  and  bed 


to  the  min.  of  the  thrust  within  those 
limits;  for  b  lies  above  a  straight  line 
drawn  from  a  to  c  (art.  58,  /3),  and  c  lies 
between  b  and  d  (art.  58,  /I).  If  the 
abutments  yielded  however,  the  true 
curve  is  found  within  wider  limits,  and 
simply  corresponds  to  the  min.  of  the 
thrust  within  those  limits  (see  art.  28). 
In  view  however  of  the  influences  of 
temperature,  not  fitting  the  stones  per- 
^  fectly,  yielding  of  piers  and  abutments 
and  shocks,  it  is  recommended  to  require 
in  designing  an  arch,  that  for  any  posi- 
tion of  the  rolling  load,  the  max.  and  min. 
line  of  pressures  may  be  drawn  within 
somewhat  narrower  limits  than  the  mid- 
dle third,  otherwise  increase  the  depth 
an  amount,  to  be  left  to  the  judgment  of 
the  engineer,  as  suggested  in  art.  29. 

PRESSURES      PER     SQUARE     UNIT     IN     EXISTING 
BRIDGES. 

62.  By  computation,  it  is  found,  that 
in  existing  bridges,  the  pressure  per 
square  foot  on  the  voussoirs  at  the 
crown,  supposing  this  pressure  uniform- 
ly distributed,  varies  from  less  than  one 
ton  per  square  foot,  for  the  smallest 
arches,  to  20  tons  per  square  foot  and 
over,  for  arches  of  150  to  200  feet  span; 
the  strains  being  estimated  for  dead  load 
only. 

The  normal  pressure  per  square  foot 
at  the  abutment  is  greater,  often  three  or 
four  times  the  above. 

It  is  thus  the  practice  to  increase  the 
unit  strains  with  the  sioan. 

The  material  should  not  be  strained  at 
the  most  compressed  edge  more  than  one 
fifth  the  crushing  weight.  Therefore,  at 
the  joints  of  rupture,  where  the  result- 
ant is  supposed  to  pass  one-third  depth 
joint  from  an  edge,  and  the  pressure  per 
square  foot  at  the  most  compressed  edge 
is  double  the  mean,  the  material  should 
not  be  strained  to  more  than  one-tenth 
the  crushing  weight,  if  the  pressure  is 


supposed  uniformly  distributed.  On 
this  supposition,  if  we  take  the  crashing 
weights  of  sandstone,  limestone  and 
granite  (which  vary  between  wide  limits) 
as  300,  400  and  500  tons  per  square  foot, 
respectively,  the  allowable  strains  at  the 
most  compressed  edges  will  be  30,  40 
and  50  tons.  If  weaker  materials  are 
used  the  unit  strains  must  be  less,  and 
we  should  increase  the  depth  of  vous- 
soirs. 

If  the  curved  courses  of  bricks  are  in 
concentric  rolls,  without  bond,  the 
determination  of  the  line  of  pressures,  as 
well  as  the  distribution  of  the  pressure 
on  each  course,  becomes  uncertain  and 
indeterminate.  As  a  rough  guess,  if 
there  are  n  rolls,  each  roll  may  be  sup- 
posed to  be — of  the  pressure.  As  the 
L  n 

outer  roll  has  the  greatest  span,  it  is  only 

necessary   to  test  its  stability   under— 

the  total  load.  It  is  not  recommended, 
though,  to  trust  to  any  such  rule,  but  to 
bond  the  rolls,  using  strong  cement;  so 
as  to  approximate  the  structure  to  a 
"rigid  arch." 


ARCHES   WITH 


VERTICAL 
LOADS. 


AND   HORIZONTAL 


63.  In  the  arch  ADB,  Fig.  13,  suppose 
it  required  to  pass  a  curve  of  pressures 
through  the  points  A,  E  and  B. 


J  Fig.  13. 


Let  C  be  another  point  of  this  curve, 
at  the  crown,  where  the  horizontal  com- 
ponent of  the  pressure  is  Q,  the  vertical 
component  P.  Call  the  vertical  com- 
ponents of  the  loads  on  the  segments 
AD,  DB  and  ED,  Pl3  P9,  P3,  respectively; 
their  horizontal  components  Tt.  T„.  Ts, 
respectively. 

Call  the  perpendicular  distances  from 
P,  and  Tx  to  A,  «,  and  e1;  from  P„  and 
T2  to  B,  «2  and  c2 ;  and  from  P3  and  T„ 
to  E,   a3  and  cs,  respectively. 
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Also  call  the  vertical  distances  of  C 
the  point  of  application  of  the  inclined 
thrust  at  the  crown,  above  A,  B  and  E, 
hx,  b^  and  b3,  respectively ;  and  the  horizon- 
tal distances  of  the  same  points  A,  B,  E, 
from  the  crown,  g0  g,2  and  g3. 

64.  We  now  take  moments  in  turn 
about  A,  B  and  E.  In  eqs.  (9)  and  (11), 
we  suppose  the  arch  to  the  right  of  the 
crown  removed,  and  its  effect  replaced 
by  the  resultant  of  P  and  Q  acting  to 
the  left,  P  being  4-  when  acting  up- 
wards; in  eq.  (10),  the  part  left  of  the 
crown  is  supposed  removed  and  a  force 
equal  and  directly  opposed  to  the  result- 
ant of  P  and  Q  acting  to  the  right. 
We  thus  find : 

a.P-^P  +  o.T  =^Q (9) 

«^,  +  ^  +  c,TJ=ft,Q (10) 

«,P,-0,P  +  0,T1=&1Q (11) 

Equating  the  values  of  Q  in  (9)  and  (10), 

we  find, 

K^i,  '  ■ <12) 

From  (9)  we  obtain, 


Q= 


^-ffP  +  cX 


(13) 


These  equations  suffice  to  determine  P 
and  Q,  when  the  position  of  C  is  known. 
When,  however,  we  can  only  locate  the 
points  A,  E  and  B,  the  values  of  P  and 
Q  and  the  position  of  C  is  found  as  fol- 
lows. 

For   convenience  let  us  make  the  fol- 
lowing abbreviations: 

ff,+ff,=**    9-9*=d*  91+9*=da, 


K-K=e*  K-K 


■b.=i 


Now  subtract  (10)  from  (9), 

a1?1-a^2--pda  +  clT-c2Ti=Qe3 .  (13a) 
also,  subtract  (11)  from  (9) 

Equating   the  values  of   Q   drawn  from 
these  last  two  equations,  and  noting  that 

«rP1(«.-*,)=«rP1«1;  c1Tl  (e-e3)  =  ClTA 

we  have, 

P= 

g,(aIP1-fe,TI)-fl,(afP1+c,T1(+g1(arP,.fc,T,) 
e.43-e3d2 

•  •  •  (11) 
Substituting  in  eq.  (13a)  the  value  of  P 


just  found,  reducing  the  terms  of  one 
member  to  the  same  denominator,  col- 
lecting like  terms,  whose  coefficients  are 
of  the  type  ed,  and  noting  that,  ei—el=e3 
and  d3—da=dl,  we  have, 

Q= 

rf1(alP1+cITt)+rff(afP1+c,TiK(«,P.+c1T1) 


(15) 


(16) 


e„d3—e3d.2 
From  (9),  we  have, 

Q 

to  fix  the  position  of  C  at  the  crown. 

We  have  always  for  the  reactions  at  A 
andB,  P'=P,-P,  P"=P2  +  P,  Q'=Q- 
Tl3  Q"=Q-T„. 

65.  The  above  equations  apply  directly 
to  unsymmetrical  arches,  solicited  only 
by  vertical  forces  by  making  T,,  T2  and 
T3  zero.     Compare  Part  1  art.  12. 

When  the  arch  and  load  is  symmetri- 
cal, P=0.  If  the  point  of  application  at 
the  crown  is  known,  we  have  from  (13), 


Q: 


a^  +  ^T, 


(17) 


If  two  points  A  and  E  are  given,  we 
have  then  g=g#  hx=h2,  dt=2glf  e=o 
Pj=P„  Tx  — T2,  ax=aa,  c,=ca;  whence 
from  (15), 

Q=g1Pl+c1T-(a,P,  +  C,T,)  _  _  .    (18) 

ei 
The   position   of  Q  is  then  found  from 
(16)  by  making  P=o. 

Eq.  (18)  is  very  easily  deduced  inde- 
pendently. 

66.  Application  to  Underground 
Arches. 

Let  Fig.  14  rejoresent  a  culvert,  with 
the  embankment  above  it  partially  com- 
pleted; so  that  when  the  material  of  the 
embankment  is  reduced  to  the  same 
specific  gravity  as  that  of  the  arch,  a  line 
ai  will  limit  its  top ;  the  earth  being  level 
to  the  left  of  a  and  to  the  right  of  i. 

If  the  surcharge  is  of  the  same  specific 
gravity  up  to  bh,  as  the  voussoirs,  then 
if  the  earth  has  a  natural  slope,  the  line 
ai  will  be  straight,  as  drawn;  otherwise 
it  may  be  curved. 

The  tables  for  the  vertical  forces  are 
made  out  as  usual.  The  mean  heights  of 
the  trapezoids  are  represented  by  the 
dotted   fines   and  the  sum    of  the   first 
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Fig.  14. 


three  trapezoids  will  be  considered  as 
the  surface  from  the  crown  to  the  third 
joint ;  similarly  for  other  joints. 

This  is  a  sufficiently  near  approxima- 
tion for  a  deep  surcharge.  For  greater 
accuracy  the  method  detailed  in  art.  31 
may  be  used. 

The  horizontal  forces  are  due  to  the 
earth  pressure  and  are  very  difficult  to 
estimate  exactly.  In  a  mass  of  earth 
with  an  unlimited  level  surface,  the  hori- 
zontal pressure  per  square  unit  at  a 
depth  x* 


p—wx 


</' 


1  +  sin.  0 


=wx  tan. 2  (45°  ■ 


■**)■ 


When  the  upper  surface  is  at  the  angle 
of  rej)ose  <2>,  the  pressure  per  squre  unit, 
parallel  to  the  slope,  is, 

2?'=wx  cos.  $. 

w  represents  the  weight  per  cubic  unit 
of  the  earth. 

These  formulae  are  modified,  when  the 
earth  is  not  of  unlimited  extent,  the 
friction  of  the  abutting  surfaces  causing 
a  change  in  the  direction  of  the  pressure. 

Again,  the  surface  above  is  sloping 
from  a  to  i,  and  level  elsewhere. 

Cohesion,  likewise  plays  an  important 
role  in  earth  pressure;  its  influence  be- 
coming much  more  marked  as  the 
embankment  grows  older.  For  new 
embankments  it  is  well  to  neglect  it. 

Let  us  assume,"  as  an  approximation, 

*  See  Kankine's  Civil  Engineering,  p.  322. 


that  the  horizontal  pressures,  due  to  the 
earth,  on  voussoirs  1,  2,  3  and  4,  are  due 
to  the  heights  x  measured  along  the 
dotted  lines  from  the  extrados  of  each 
voussoir  to  the  surface  of  level  topped 
earth. 

The  surfaces  against  which  these  press- 
ures act  for  voussoirs  1,  2,  3,  4,  are,  be, 
cd,  de,  ef,  respectively ;  so  that  the 
horizontal  pressure  acting  on  the  third 
voussoir,  for  instance,  is  equal  to  the 
product  of  the  height  de,  by  the  height 
of  the  surcharge  from  the  extrados  to  the 
surface,  by  tan*  (45—  \<&),  {w  being  taken 
as  unity).  In  the  following  examples  let 
<2>=30°,  so  that,  tan'  (45-£#)=£. 

The  horizontal  pressure  then  upon  the 
third  voussoir  is,  deX^X\-     It  may  be 

™  any  voussoir. 


written  - 


■for 


The  lever 


arms  of  these  forces,  about  the  top  of  the 
arch,  are  the  vertical  distances  from  the 
line  bh  to  the  middle  of  the  segments 
bc„  cd,  de  and  ef.  The  moment  of  these 
forces,  down  to  any  joint,  divided  by  the 
sum  of  the  same  forces,  gives  the  vertical 
distance  from  the  line  bh  to  the  resultant 
of  the  forces  taken,  as  given  in  the  last 
column  of  the  following  tables  concern- 
ing horizontal  forces. 

67.  Example. — Let  the  span  of  the 
semi-circular  culvert  be,  11.30  units  of 
length,  the  depth  of  voussoir  0.94.  the 
height  ab  of  the  reduced  surcharge  25.12, 
and  the  height  hi,  12.56.  The  billing  up 
to  bh  is  taken  of  the  same  density  as  the 
voussoirs.  If  the  backing  was  solid  up 
to  bh,  the  horizontal  forces  would  be  due 
more  nearly  to  the  depth  from  a  to  the 
voussoirs  on  the  left,  and  from  i  on  the 
right. 

Each  of  the  semi-arcs  with  its  load  is 
divided,  as  shown  in  Fig.  15,  into  eight 
parts  (approximate  trapezoids),  of  which 
the  first  six  have  a  width  of  0.94,  the  two 
last  a  width  of  0.47. 

In  the  following  table  for  vertical 
forces,  column  (1)  gives  the  joint,  col- 
\imns  (2)  and  (3)  the  force  from  the 
crown  to  the  joint  and  its  lever  arm, 
respectively,  for  the  left  semi-arch,  col- 
umns (4)  and  (5),  giving  the  same  quan 
titles  for  the  right  semi-arch: 
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Joint. 


(1) 


Left  Side. 


Force. 


(2) 


18.98 
38.99 
60.24 

82.79 
106.87 
133.23 
147.84 
162.63 


Lever 
Arm. 


(3) 


0.47 
0.95 
1.45 
1.95 
2.47 
3.01 
3.29 
3.57 


Right  Side. 


Force. 


Lever 
Arm. 


(4) 


(5) 


18.25 

34.07 

50.98 

67.57 

84.16 

101.28 

110.58 

119.68 


0.47 
0.93 
1.39 
1.85 
2.31 
2.79 
3.05 
3.29 


The  next  table  refers  to  the  horizontal 
forces;  column  (1)  referring  to  the  joint, 
column  (2)  gives  the  product  \yx  (see  art. 
66),  column  (3),  its  lever  arm  about  the 
summit,  column  (4),  the  moment,  col- 
umns (5),  (6)  and  (7)  the  sum  of  the 
forces  down  to  any  joint,  their  moment 
and  the  distance  of  their  resultant  below 
the  line  bh,  respectively. 


* 

Left  Side. 

Horizontal  Forces. 

"2 

"o 

1-9 

Force. 

Lever 
Arm. 

Mo- 
ment. 

Force. 

Mo- 
ment. 

Lever 
arm. 

(t) 

(2) 

(3) 

(4) 

(5) 

(6) 

(?) 

1 

0.58 

0.05 

0.03 

0.58 

0.03 

0.05 

2 

1.29 

0.19 

0.25 

1.87 

0.28 

0.14 

3 

2.73 

0.47 

1.28 

4.60 

1.56 

0.34 

4 

4.35 

0.94 

4.09 

8.95 

5.65 

0.63 

5 

6.37 

1.62 

10.33 

15.32 

15.98 

1.04 

6 

11.09 

2.64 

29.28 

26.41     45.26 

1.71 

7 

9.40 

3.77 

35.44 

35.81      80.70 

2.25 

8 

23.46 

5.43 

127.39 

59.27   208.09 

3.51 

59.27 

208.09 

| 

Columns    (1),    (5)    and   (7)    are    next 
given  for  the  right  side.  .  . 


Right  Side. 


Joint 


(1) 


Force. 


Lever 
Arm. 


(5) 


(7) 


0.59 
1.64 
3.80 
6.96 


0.05 
0.14 
0.33 
0.60 


Horizontal  Forces. 


Joint 


(1) 


Force. 


(5) 


11.56 
18.51 
24.17 
38.25 


Lever 
Arm. 


(7) 


0.99 
1.62 
2.12 
3.34 


Now  let  it  be  required  to  pass  a  curve 


of  pressures,  0.41,  below  the  top  of  the 
crown  joint,  and.  through  the  lower 
middle  third  limits,  at  joints  six  on 
either  side. 

Now  the  vertical  loads  from  the  crown 
to  joints  six  on  left  and  right  are  (see 
table)  P1  =  133.23,  P9=101.28;  the  dis- 
tances of  their  resultants  from  the  verti- 
cal through  /  the  crown  are  3.01  and  2.79 
respectively ;  whence  by  measurement  on 
the  drawing,  ^=^=5.1  and  0^=5.1  — 3 
=2.1,  a2=5.1-2.8=2.3. 

Similarly, 

T1  =  26.41,  ^=3.5-1.7=1.8 
Ta=18.51,  c2=3.5-1.6=1.9 

whence  by  eq.  12,  art.  64, 

p=«1P1  +  c1T1-(arP,  +  ^T,)  =  5  g 

2^ 

Also  by  eq.  (13),  Q=96. 

Now  lay  off  on  vertical  lines,  08,  to 
left  and  right  of  the  center,  the  numbers 
in  columns  2  and  4  respectively,  being 
the  vertical  loads  from  the  crown  to  the 
joints  in  order.  From  columns  (3)  and 
(5)  of  the  same  table  lay  off  the  distances,, 
on  the  horizontal  through  the  summit, 
from  the  crown  to  the  centers  of  gravity 
of  the  vertical  loads  in  order.  Thus 
S6=3.01  corresponding  to  Pa =133.23. 

Next,  from  the  tables  referring  to  hori- 
zontal forces,  lay  off  on  the  horizontals 
08 ',  the  forces  given  in  columns  5,  for  the 
left  and  right  side  respectively.  Also 
lay  off  on  vertical  lines  the  numbers 
in  columns  (7),  measuring  from  the  line 
gS.  Thus  the  total  horizontal  earth 
thrust  from  the  crown  to  joint  8  on  the 
left  is  Tj  =  26.41 ;  and  its  point  of  appli- 
cation is  ^6  =  1.71  below  the  summit.  To 
find  the  thrust  at  the  crown,  lay  off  ran 
=  Q  horizontally,  and  no=P  vertically 
downwards :  mo  is  then  the  resultant  at 
the  crown  joint  in  position  and  magni- 
tude. Draw  the  lines  44",  55".  .  .  par- 
allel and  equal  to  mo.  Now,  to  find  the 
center  of  pressure  on  a  joint,  as  the  6th 
on  the  left,  draw  vertical  and  horizontal 
lines  6b,  6b,  through  the  points  of  ampli- 
cation of  P  and  T1?  to  the  intersection  b/ 
which  is  thus  the  point  of  application  of 
the  resultant  of  P,  and  Tl5  represented 
by  the  line  66'  in  the  force  polygon  on 
the  left.     From  b  draw  ba  ||  66'  to  inter- 
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section  a  with  mo  produced;  from  a 
draw  ac  ||  6'6"  to  intersection  with  joint 
6  at  its  center  of  pressure.  It  is  evident 
that  the  resultant  there  is  represented  by 
the  line  WW',  the  resultant  of  06,  06'  and 
66",  or  of  Pl5  T,  and  the  inclined  thrust 
at  the  crown ;  similarly  on  the  right  side, 
to  find  the  position  of  the  resultant  on 
joint  8,  we  find  d,  3.29  to  the  right  of  S 
and  3.34  below  it;  thence  draw  de  ||  88' 
to  intersection  e  with  mo  produced; 
thence  draw  ef\\  8'S"  to  f  the  required 
point;  the  magnitude  and    direction  of 


the  resultant  being  represented  there  by 
the  line  WW7. 

The  line  of  pressures  thus  found,  .re- 
presented by  the  dotted  line,  leaves  the 
middle  third  at  joints  4,5  and  8  on  the 
right,  and  at  joint  8  on  the  left. 

By  raising  the  point  m  nearly  to  the 
upper  middle  third  limit,  and  the  center 
of  pressure  at  joint  5  on  the  right  to  the 
lower  middle  third  limit,  the  curve  of 
pressures  will  remain  within  the  inner 
third  except  near  the  abutment.  The 
arch  stones  should  be  increased  in  depth 
there,  up  to  about  joints  6. 


V>f- 


The  earth  is  next  supposed  level  at  top, 
the  distance  ba=hj,  fig.  14,  being  25.12 
units.  On  making  out  a  table  of  vertical 
and  horizontal  forces  as  before,  for  one 
side  only,  we  find  from  eq.  (17),  art.  65, 
Q= 122.2  cubic  units  of  stone,  on  pass- 
ing a  curve  of  pressures  through  the 
upper  middle  third  limit  at  the  crown 
and  the  lower  middle  third  limit  at 
joint  6. 

The  curve  thus  found  keeps  [every- 
where in  the  middle  third  except  at 
joints  8,  where  it  nearly  reaches  the  ex- 
trados. 

68.  If  the  arch  stones  are  not  increased 
in  depth  near  the  abutment,  joint  8  will 
tend  to  open  at  the  intrados ;  but  this  it 
cannot  do  unless  the  haunches  spread ; 
which  is  in  turn  resisted  by  the  span- 
drels ;  or  if  there  are  none,  by  an  increas- 
ed horizontal  thrust  which  the  earth  is 
capable  of  putting  forth,  thus  keeping 
the  line  of  pressures  within  the  arch  ring, 


e.g„  within  the  middle  third  if  the  de- 
formation that  the  earth  permits  is  small. 

Experience  shows  that  very  thin  arch 
rings,  built  in  rubble,  often  can  fulfill  the 
conditions  of  stability  when  embanked 
over  carefully ;  the  centers  being  struck 
after  the  embankment  is  mostly  com- 
pleted. 

In  such  cases  the  earth  must  exert 
larger  horizontal  forces,  than  given 
above;  so  that  it  is  well  to  be  guided 
mainly  by  experience  in  designing  un- 
derground arches  as  before  remarked. 

By  increasing  the  depth  of  arch  stones 
near  the  abutment,  as  suggested,  we  are 
safe  in  presuming  on  stability  without 
the  aid  of  extra  horizontal  forces  over 
the  ordinary  active  earth  thrusts  (see 
art.  50). 

69.  The  dimensions  of  the  preceding 
culvert  and  surcharge  may  be  taken  in 
any  unit  as  feet,  meters,  etc. 

If  the  unit  taken  is  the  meter  it  corre- 
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sponds  to  a  railroad  culvert  at  Sclrwelm, 
the  top  of  the  embankment  being  31.m40 
above  the  top  of  the  arch,  corresponding 
to  a  weight  25.m12  high  of  materials  as 
dense  as  the  voussoirs,  as  given  by 
Scheffler.  From  the  diagram  for  the 
earth  level  at  top,  we  find  that  the  nor- 
mal components  of  the  pressivre  on  joints 
6  and  8  are  about  180  cubic  meters 
of  stone ;  so  that,  if  uniformly  distributed, 
the  pressure  per  square  meter  would  be 

;r-^-:=192  cubic  meters  of  stone. 
0.94 

If  we  take  the  weight  of  a  cubic  foot 
of  stone  at  140  pounds  (very  low),  since 
there  is  about  35  cubic  feet  in  one  cubic 
meter,  192  cubic  meter = 140  X  35x192 
pounds =448  tons.  This  pressure  being 
on  one  square  meters =10. 8  square  feet, 
the  pressure  per  square  foot=41.5  tons. 
If  the  line  of  pressures,  at  joints  6  and 
8,  is  ^,  J  depth  joint  from  edge,  the 
pressure  per  square  foot  at  the  most 
compressed  edges  is  83,  111  tons  re- 
spectively (see  arts.  21,  22). 

If  the  material  is  nowhere  to  be  sub- 
jected to  more  than  \  the  crushing 
weight,  it  is  evident  that  the  best 
granite  or  limestone  should  have  been 
employed  in  this  bridge,  having  a  crush- 
ing weight  of  400  to  500  tons  per  square 
foot.  It  is  stated  that  the  material  was 
not  of  a  good  character,  and  that  a  large 
number  of  voussoirs  in  all  parts  of  the 
arch  were  crushed  in  consequence. 

If  the  unit  of  length  taken  is  the  foot 
in  the  preceding  example,  we  see,  that  a 
semi-circular  arch  of  11.3  feet  span,  and 
1  foot  depth  of  voussoir,  is  stable  against 
rotation,  when  the  top  of  the  embank- 
ment is  about  30  to  40  feet  above  the 
crown,  provided  the  voussoirs  are  in- 
creased in  depth  towards  the  springing, 
say  to  2  feet.  The  normal  pressure  now  on 
joint  6  is  180  cubic  feet  stone=11.3  tons 
per  square  foot.  At  the  most  compressed 
edge  the  pressure  is  22.6,  if  no  joint 
opens,  which  even  sandstone  can  very 
well  stand. 

Any  multiple  of  these  dimensions,  as 
22'.6  span,  2'  depth  voussoir  and  60'  to 
70'  height  of  surcharge,  will  show  equal 
stability  against  rotation.  The  thrust  is 
now  180  cubic  units  of  stone =1440  cubic 
feet  of  stone =90.4  tons.  This  acts  on  a 
surface  of  4  square  feet ;  so  that  the  uni- 
form  compression  is  22.6  tons  and  the 


compression  at*the  edge  of  joint  6  is  45.2 
tons  about;  which  sandstone  can  again 
bear. 

70.  It  is  evident  that  the  height  of 
surcharge  should  be  considered  in  de- 
signing culverts:  though  it  is  neglected 
in  the  practical  formula?  proposed  by 
some  authors. 

Trautwine  (Engineers'  Pocket  Book  p.  347) 
says: 

We  have  known  nearly  semicircular  arches 
of  30  to  40  feet  span,  to  be  thus  built  success- 
fully (i.e.,  when  the  centers  are  left  standing 
until  the  earth-fiilling  is  completed  above  the 
culvert)  with  scarcely  a  particle  of  masonary 
above  the  springs  to  back  them."  He  recom- 
mends not  to  do  less,  and  that  only  in  small 
spans,  than  make  the  height  of  backing  above 
the  springing  over  the  abutment,  \  the  total 
height  of  the  arch  from  the  springing  to  the  top 
of  keystone;  and  from  the  point  so  found  to 
draw  a  tangent  to  the  arch  to  limit  the  backing. 
As  suggested  above,  it  is  still  better  to  increase 
the  depth  of  voussoirs  towards  the  abutment. 

Rankine  well  suggests  that  "  over  the  arches 
of  culverts,  the  earth  rammed  in  thin  layers 
should  rise  to  at  least  half  the  height  of  the 
proposed  embankment ;  the  remainder  may  be 
tipped  in  the  usual  way. " 

71.  It  is  more  than  probable  that  in 
culverts,  where  the  loose  earth  is  peposit- 
ed  after  the  culvert  is  built,  especially  if 
the  centers  are  not  struck  until  the 
embankment  is  completed  over  the  arch, 
that  the  entire  height  of  surcharge  does 
not  press  upon  the  culvert.  Cohesion 
and  friction  both  influence  the  result. 
Thus  if  the  grains  of  earth  had  the 
cohesion  of  stone,  the  slight  sinking  of 
the  culvert,  due  to  its  compressibility, 
would  relieve  it  of  part  of  the  load  above 
it,  especially  in  small  culverts.  The 
same  sinking  would  cause  a  portion  of 
the  weight  above  the  arch  to  be  trans- 
mitted by  friction  to  the  sides. 

•  Thus  let  6= span  of  culvert,  A=height  of 
surcharge  above  its  top.  Now  the  horizontal 
pressure  of  the  earth  at  a  depth  x  on  a  surface 
&x  being,  wx  tan. s  (45°—^-  #Ja*  nearly,  the 
limit  of  the  sum  of  quantities  of  this  type 

between  the  limits,  x=h  and  x=o,—  — = — tan. 

(45°— i)(p  is  the  total  horizontal  earth  thrust 
exerted  on  a  vertical  plane  1  foot  wide  and  h 
deep  below  the  surface. 

If  the  culvert  were  suddenly  removed,  the 
mass  above,  if  it  had  no  friction  or  cohesion, 
would,  like  a  perfect  fluid  fall,  the  top  surface 
changing  to  a  lower  level.  Now  consider 
friction  alone,  its  coefficient  being  called 
/=tan.  #.  The  weight  of  the  mass  above  the 
arch  is,  wsli;  the  friction  of  the  vertical  paral- 


A   PRACTICAL   THEORY   OF   VOUSSOIR  ARCHES. 


107 


ioh'< 


lei  walls  on  either  side  is  2/-^- tan.2 (45°— £(£) 

Now  if  the  arch  yields  somewhat,  the  weight 
still  sustained  by  it  is  the  difference  between 
these  expressions. 

There  is  no  weight  sustained  by  the  arch  for, 


/i_/tan.s(45°-i^) 

and  for  one  half  this  height,  the  difference 
above  gives  the  maximum  weight  sustained  by 
the  lowered  arch. 

Thus  if  s=15  feet  and  $=34,  there  is  no 
weight  on  the  arch  for  h—15  feet;  the  maxr 
mum  load  obtains  when  7i=37$  feet.  In  the 
first  case,  the  weight  above  the  arch  is  entirely 
spread  to  one  side. 

In  reality  the  lower  particles  descend,  as  in  a 
beam,  so  that  a  wedge-shaped  mass  would 
probably  fall  down,  the  material  above  forming 
a  natural  arch.  This  often  happens  in  brick 
walls  with  arched  openings  in  them ;  the  arch 
yielding  so  that  a  natural  arch  is  formed  above 
it,  and  as  a  consequence  the  arch  does  not  sus- 
tain the  whole  weight  of  surcharge.  This  hap- 
pens over  every  lintel  or  other  compressible 
support  at  the  top  of  windows  doors  etc.  in  the 
walls  of  houses,  churches,  etc. 

The  analysis  above  is  given  only  to  illustrate 
partially  the  principle  enunciated,  and  not  for 
use  in  practice. 

72.  The  weight  resting  on  a  culvert  is 
not  that  due  to  the  total  height  of  sur- 
charge for  another  reason.  Draw  the 
trapezoidal  cross  section  (perpendicular 
to  the  roadway)  of  the  embankment,  and 
divide  it  by  a  vertical  line  into  two  equal 
j)arts.  In  consequence  of  the  symmetry 
the  earth  thrust  of  one-half  of  the  slice 
shown  by  the  cross  section  (supposed  to 
have  any  width)  against  the  other  half,  is 
horizontal.  On  combining  this  thrust 
with  the  weight  of  one-half  of  the  slice 
acting  at  its  center  of  gravity,  the  re- 
sultant of  coiu'se  strikes  the  base  farther 
from  the  center  than  if  there  were  no  hor- 
izontal thrust.  Its  effect  is  evidently  to 
increase  the  vertical  pressure  towards  the 
slopes  and  diminish  it  near  the  center  of 
the  cross  section,  Q.E.D. 

It  is  not  considered  advisable  to  propor- 
tion large  culverts  for  a  less  weight  than 
that  due  to  the  whole  surcharge  ;  but 
small  drains  may  be  made  smaller  than 
such  theory  requires. 

73.  The  abutments  of  culverts  are  treat- 
ed in  the  graphical  construction  exactly 
as  though  they  were  a  part  of  the  arch. 
The  horizontal  thrust  of  the  earth  on  their 
outside  is  not  always  that  due  to  the  height 


of  surcharge,  as  the  ground  generally  rises 
abruptly  from  the  foundation  of  the  abut- 
ment walls. 

It  is  best,  then,  to  estimate  for  both 
cases:  the  earth  pressing  and  not  press- 
ing against  the  back  of  the  culvert.  Again, 
as  part  of  the  weight  above  the  arch  is 
transmitted  to  the  sides,  the  weight  sus- 
tained by  the  abutments  maybe  increased ; 
also  the  horizontal  pressures  acting  on 
them  and  the  arch.  It  is  best  to  en-  on 
the  same  side  in  designing  these  struc- 
tures. 

74.  Tunnel  arches. — In  treating  tunnel 
arches,  only  a  part  of  the  weight  above 
them  is  supposed  to  press  on  the  areb, 
the  balance  being  transmitted  to  the  sides. 
Cohesion  now  plays  the  most  important 
part.  Tunnels  have  been  executed,  even 
in  clay,  that  have  stood  for  some  time 
without  support.  In  such  tunnels  large 
masses  often  fall  in,  completely  choking 
up  the  tunnel ;  so  that  if  an  arch  of  wood, 
stone,  or  other  material  was  built  before 
the  fallen  mass  lost  its  cohesion  it  would 
eventually  have  to  support  all,  or  a  part 
of  its  weight.  What  weight  presses  on  a 
tunnel  arch  cannot  be  estimated;  we  can 
only  resort  to  experience  here. 

Rankine  gives  the  following  formula, 
founded  on  practice,  for  the  minimum 
thickness,  t  of  tunnel  arches, 


/=V.12  r,  r= 


¥' 


where  a = rise  and  b  = half  span. 

"  This  is  applicable  where  the  ground 
is  of  the  firmest  and  safest  kind.  In  soft 
and  slippery  materials,  the  thickness 
ranges  from  V.  27r  to  V-48r." 

75.  The  arch  is  peculiarly  adapted  for 
a  tunnel  support ;  for  it  is  the  great  ad- 
vantage of  the  arch,  that  it  toill  not  be 
forced  in  at  one  place  without  it  is  forced 
out  at  another.  The  latter,  the  envelop- 
ing mass  generally  prevents,  if  stones 
and  earth  are  packed  in  tight  back  of 
the  arch;  so  that  the  arch  so  constructed 
should  generally  stand  unless  crushed 
from  a  too  heavy  load. 

As  in  practice,  tunnel  arches  are  not 
thus  crushed,  we  may  infer,  as  stated  be- 
fore on  theoretical  grounds,  that  only  a 
part  of  the  superincumbent  material 
presses  on  them.  In  every  deep  tunnel, 
the  thickness  of  the  arch  ring  is  not 
increased   over   that  due  to  a  compara- 
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tively  small  height,  as  is  inferred  from 
the  preceding  formula. 

If  a  quicksand  is  encountered  on  one 
side  or  the  other,  the  curvature  of  the 
arch  must  be  sharply  increased  there,  or 
the  arch  may  be  forced  in,  as  has  hap- 
pened in  certain  treacherous  clays. 

76.  Assuming  the  preceding  formulae 
for  earth  thrust  and  the  depth  of  sur- 
charge that  is  supposed  to  press,  in 
accordance  with  this  theory,  the  stability 
of  a  tunnel  arch  is  investigated  as  pre- 
viously explained  in  the  case  of  culverts. 
Thus  take  the  tunnel  arch  under  the 
Thames,  Fig.  16;  whose  dimensions  in 
meters  are  as  follows:  the  thickness  of 
the  arch  ring  is  about  0.94,  the  radius  of 
the  tipper  part  0.  .6  is  2.16,  and  of  the 
inferior  part  6. .10,  8.61  meters;  the 
upper  part  being  formed  of  three  con- 
centric rolls  without  bond. 

The  earth  and  water  above  the  tunnel 
is  supposed  to  exercise  upon  the  arch  a 
pressure  corresponding  to  a  load  7m.  54 
high  of  material  like  that  of  the  voussoirs ; 
the  reduced  surcharge  being  supposed 
level  at  top  for  simplicity. 

The  upper  part  of  the  arch  is  divided 
into  six  parts,  having  widths  of  0.90, 
0.63,  0.63,  0.31,  0.31,  0.31,  respectively. 
The  lower  part  is  divided  into  four  parts, 
having  lengths,  along  the  center  line, 
0.47,  0.76,  0.75  and  0.94  respectively  and 
whose  lever  arms  are  the  distances  of 
their  centers  of  gravity  from  the  vertical 
axis  of  the  tunnel,  or  from  the  horizontal 
through  the  top  of  the  arch,  for  the  ver- 
tical or  horizontal  forces  respectively. 
The  tables  are  made  out  as  in  art.  67.  If 
preferred,  the  voussoirs  and  surcharge 
may  be  considered  separately  as  in  art. 
31,  to  attain  greater  accuracy;  but  the 
usual  method  elsewhere  followed  is  suffi- 
ciently near  for  the  object  hi  view. 

The  method  followed  is  moreover  as 
correct  for  voussoirs  7  to  10  as  the  one 
followed  in  art.  31,  since  the  particular 
division  of  the  arch  preceding  any 
voussoir  is  immaterial  as  concerning  that 
voussoir. 

In  the  following  condensed  table  the 
first  column  gives  the  joint,  the  next  the 
vertical  force  on  that  joint  counting  from 
the  crown,  the  third  column  its  lever  arm 
counting  from  the  vertical  through  the 
crown;  columns  4  and  5  give  the  hori- 
zontal force  (acting  on  the  extrados  of 


the  arch  from  the  crown  to  the  joint  con- 
sidered) and  its  lever  arm  about  the  top 
of  the  arch  respectively. 


"3 

"o 

1 

Vertical  Forces. 

Horizontal  Forces. 

Force. 

Lever  arm. 

Force. 

Lever  arm. 

7.67 

0.45 

0.38 

0.075 

2 

13.25 

0.77 

1.11 

0.22 

3 

19.24 

1.11 

2.45 

0.47 

4 

22.54 

1.28 

3.54 

0.66 

5 

25.84 

1.46 

5.40 

0.99 

6 

29.14 

1.60 

!     9.38 

1.63 

7 

29.58 

1.64 

'•  11.08 

1.89 

8 

30.29 

1.66 

14.23 

2.35 

9 

30.99 

1.68 

17.39 

2.82 

10 

31.87 

1.70 

22.49 

3.49 

To  pass  a  curve  of  pressures  through 
the  upper  middle  third  limit  at  the  crown 
and  the  lower  middle  third  limit  at  joint 
5,  we  have  by  measurement  and  from 
the  tables, 

Q= 

aPb  +  cT6_  .79  X  25.84  + 1.02  X  5.40  _ 
b  L69~~ 

15.34. 

Now  lay   off  the  line  of  vertical   loads, 


0  .  .  10,  from  column  2,  and  the  line  of 
horizontal  forces,  0  .  .  10'  from  column 
4. 

Next,  on  the  horizontal,  through  the 
summit,  lay  off  the  lever  arms  in  column 
3 ;  and  on  the  vertical,  tangent  to  the 
extrados,  the  lever  arms  in  column  5j 
also  from  each  point,  3',  4',  5',  .  .  .  lay 
off  to  the  right  ¥~S",  4747^  5'5".  .  .  .  ,. 
each  equal  to  Q. 

To  find  the  resultant  of  the  presssure 
on  any  joint,  as  the  7th,  we  draw  la,  la, 
representing  the  positions  of  the  vertical 
and  horizontal  forces  (07,  07',  force  dia- 
gram) to  intersection  a /  from  a  draw 
ab  ||  77'  to  intersection  b  with  Q  prolong- 
ed; at  b  draw  be  ||  77"  to  intersection  c 
with  joint  7,  which  is  thus  the  center  of 
pressure  on  that  jont.  The  resultant  on 
joint  7  is  represented  by  the  hue  77"  of 
the  force  diagram,  being  the  resultant  of 

07,  07'  and  Q. 

The  line  of  pressures  thus  found  is 
represented  by  the  dotted  line,  and  leaves 
the  inner  third  of  the  arch  ring  at  joints 
9  and  10.     It  does  not  'follow  that  the 
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arch  is  unstable.  The  active  forces  may 
not  be,  and  probably  are  not,  as  esti- 
mated. Whether  this  be  so  or  not,  the 
joint  10  cannot  open  inside  without  the 
arch  being  forced  out  at  the  haunches ; 
but  this,  if  the  earth  is  packed  tight 
around  the  arch,  is  resisted  by  the  earth 
outside,  which  there  exerts  a  larger  hori- 
zontal force  than  estimated  (partly  pas- 
sive), and  thereby  restricts  the  line  of 
pressures  to  narrow  limits. 

It  is  thus  evident  that  the  arch  is  sta- 
ble unless  the  surrounding  earth  itself 
gives  way,  which  will  generally  not  hap- 
pen. The  surrounding  mass  thus  plays 
the  part  of  spandrel,  besides  exerting  an 
active  thrust,  being  the  least  thrust  it  is 
capable  of.  It  is  even  more  effective  than 
a  spandrel,  since  it  can  prevent  the  crown 
from  rising,  which,  in  stone  viaducts,  is 
one  method  of  rupture  which  the  spandrel 
actually  aids  in  producing. 

77.  The  above  construction  applies 
when  the  rolls  of  the  arch  are  bonded 
together.  As  this  is  not  true  in  the 
present  case,  the  problem  of  determining 
the  true  line  of  pressures  becomes  impos- 
sible of  solution. 

If  we  conceive  one-third  the  vertical 
and  horizontal  forces,  given  in  the  previ- 


ous table  to  act  on  each  roll,  we  shall 
find  that  for  the  outer  roll  that  a  curve 
of  pressures  cannot  be  drawn  within  the 
middle  third,  though  one  can  be  drawn 
within  the  arch  ring  from  the  crown  to 
joint  6. 

However,  the  passive  earth  thrust  in 
good  earth  will  again  prevent  deformation 
and  thus  cause  stability  as  before ;  but 
the  arch  cannot  be  considered  as  strong 
as  if  it  were  bonded  throughout  so  as  to 
act  as  one  mass. 

78.  The  reversed  arch  at  bottom  is  not 
supposed  to  exert  any  horizontal  force, 
so  that  the  sides  of  the  arch  simply  rest 
on  it,  as  though  it  was  an  abutment. 
Otherwise  it  is  used  to  prevent  a  forcing 
in  of  the  sides ;  and  the  sum  of  its  hori- 
zontal component  and  that  at  the  crown 
equal  the  total  horizontal  thrust  of  the 
earth  or  fraid  on  one  side. 

79.  The  curve  of  pressures  shown  in 
fig.  16  resembles  somewhat  a  quarter 
ellipse  ;  so  that  if  such  a  curve  was  taken 
for  the  center  line  of  a  tunnel  arch,  a 
curve  of  pressures  might  be  drawn  very 
nearly  following  this  center  line  ;  so  that 
if  the  arch  was  really  acted  on  by  the 
forces  supposed,  the  arch  designed  would 
offer  a  very  great  stability. 
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Similarly  if  the  centre  of  the  ellipse  is 
taken  at  ^  'height  of  arch  above  the  in- 
verted arch,  it  will  be  found  that  a  curve 
of  j>ressures  may  be  drawn  very  near  the 
center  line,  especially  if  the  surcharge 
has  a  less  specific  gravity  than  the  arch. 
In  fact,  the  ellipse  is  recognized  as  the 
proper  form,  for  tunnel  arches  and  any 
part  of  the  curve  may  be  used  that  will 
best  subserve  the  purpose  in  view — the 
axis  of  the  tunnel  always  coinciding  with 
that  of  the  ellipse. 

From  fig.  16  we  see  that  if  a  semi-cir- 
cle is  used  for  the  curve  of  the  upper 
part,  that  the  lower  part  had  best  be 
made  vertical  on  the  sides.  This  form 
of  tunnel  arch  is  quite  common  in  prac- 
tice and  is  commended  when  good  mate- 
rial is  used. 

Remark. — We  can  easily  prove  analytically 
that  the  ellipse  is  the  proper  form  for  a  tunnel 
arch,  when  the  depth  of  surcharge  is  so  great 
that  the  thrust  of  the  earth  at  any  part  of  the 
arch  is  practically  the  same.  To  take  the  most 
general  case,  let  the  top  surface  of  the  earth  be 
||  OY  in  the  adjoining  figure.  Call  the  press- 
ure, per  unit  of  inclined  plane  OY,  in  a  vertical 
derection,  p;  the  conjugate  pressure  in  a  direc- 
tion 1 1  O Y,  per  unit  of  a  vertical  plane  O A,  can 
be  represented,  according  to  the  theory  of  earth 
pressure,  by  cp,  c  being  a  constant.  Let  OA=«, 
AB=«/,  OAB=  0,  and  call  the  thrust  at  O  in  the 
direction  OY,  tangent  to  the  rib  BOD  at  0,  pT 


This  rib,  or  "linear  arch,"  is  not  supposed 
to  have  any  bending  moments  at  any  point,  so 
that  the  thrust  at  any  point  is  tangent  to  the 
rib ;  otherwise  a  deformation  would  ensue,  due 
to  the  normal  component,  which  is  contrary  to 
our  supposition  of  a  linear  arch.  The  total 
vertical  pressure  on  OB  is  py,  the  conjugate 
pressure  is  cpx.     Being  uniformly  distributed, 

ysmd,  xsmQ, 

their  lever  arms  about  B  are, - 

2  2 

respectively. 

Now  if  any  point,  as  B,  of  the  arc  is  to  be  a 

point  in  the  line  of  pressures,  we  must  have, 

taking  moments  about  B, 


.-.  y2=2Tx-cx2 

the  equation  of  an  ellipse, 

Q.E.D. 

The  equation  of  ellipse  referred  to  a  diameter 
and  the  tangent  at  its  vertex,  a  and  b  being  the 

b2 
semi  conjugate  diameters  is,  y2  =  —%(%ax—x2). 

Comparing  with  the  above,  we  have, 

b2         cp    b2 

T=— ,c=-=-8. 

a         p     a- 

Or  the  intensities  of  the  conjugate  pressures  are 
as  the  squares  of  the  diameters  to  ichich  they  are 
parallel. 

If  in  the  eq.  above  we  make,  x=OA—a,  we 
find,   y=AB=b ;    whence  from  the  last  eq., 

a.    cp       b 
^       =  — .     Now  the  thrust  at  0=pT=acp, 

whilst  that  at  the  ends  of  the  conjugate  diame- 
ter DB,  acting  ||  OX,  is  bp;  hence  these  forces  are 
proportional  to  the  diameters  to  which  they  are 
parallel. 

To  construct  the  arch,  c  and  a  or  b  must  be 
given  to  find  the  other  semi  diameter  from  the 
eq.,  c=b2-r-a2. 

When    the    Top    Surface    of  Earth   is 

Level,  OY  becomes  level  and  0=90°.    a  and  b 

are  now  the  semi  axes  of  the  ellipse.     From  the 

cp 
theory  of  earth   pressure,    —  =lan.  2(4o" — id}\ 

whence,  for  a  tunnel  arch, 

horizontal  semi  axis        b  „''■-,-. 

r- — , ■ ■ =-—  = tan.  (45  —  £?>); 

vertical  semi  axis  a  y  l    ' 

(p  being  the  angle  of  repose. 

Next,  make  c=l  (0  being  90")  and  the  ellipse 
becomes  a  circle.  At  any  point  of  the  circle 
consider  the  two  equal  forces  p1  px  at  right 
angles  and  acting  on  a  unit  of  area  of  planes  J. 
to  them.  Their  resultant  acts  normally  to  the 
circle,  and  its  intensity  is  easily  found  to  be  p, 
the  intensity  of  the  vertical  and  horizontal 
components. 

Calling  r=a=b,  the  radius  of  the  circle,  we 
have  the  thrust  at  0=pT=p>>,  or  thepyroduct  of 
the  intensity  on  a  unit  of  circumference  by  the 
radius.  This  thrust  is  the  same  all  around  the 
ring. 

The  above  are  the  principal  deductions  given 
by  Rankine  for  the  arches  given  above.  The 
reader  is  referred  to  his  Civil  Engineer  for  the 
"  geostatic  "  and  other  forms  of  linear  arches. 


A  silver  medal  has  been  awarded  by 
the  Eoyal  Cornwall  Polytechnic  Society 
to  West's  six-cylinder  engine,  exhibited 
by  Messrs.  Plambeck  and  Darkin,  of 
Queen  Victoria  Street,  London. 
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SEWER  VENTILATION. 


From  "The  Engineer." 


While  the  attention  of  house  builders 
and  the  public  is  daily  directed  to  the 
necessity  for  carefully  excluding  sewer 
gas  from  dwelling-houses  by  the  use  of 
improved  traps,  and  plenty  of  them,  it 
is  to    be  feared  that  a  very   important 
thing  is  being  wholly  lost  sight  of.     We 
allude  to  the  ventilation  of  main  sewers. 
In  the  metropolis  this  has  in  a  few  in- 
stances been  properly  provided  for;  but 
in  the  suburbs  of  London,  at  all  events, 
the  arrangements  employed  are  of  the 
most  crude  and  unsatisfactory  descrip- 
tion.    In  theory,  sewers  ought  not  to  be 
ventilated  at  all;    this  is    to  say,   they 
should  be    hermetically   sealed   by    ef- 
fective water-traps.      The    scheme    has 
been  tried  very  fully,   and    with  disas- 
trous results,  and  no  more  need  be  said 
about    it.      There  is    reason  to  believe 
that  the  gases  generated  in  sewers  are 
lighter  than  the  air,  as  a  rule,  to  which 
there  are  certain  exceptions  to  which  we 
shall  come  presently.     Be  this  as  it  may, 
it  seems  to  be  certain  that  when  drains 
are  laid  on  anything  like  a  steep  inclina- 
tion, the  sewer  gas  will  rise  to  the  high- 
est point  in  the  drain  ;  and  it  will,  under 
special  atmospheric  conditions,  then  force 
the  seals  in  any  traps  not   of  the  best 
kind,  and  will  rush  into  and  flood  the 
houses.     To  prevent  this,  street  ventil- 
ators are  fitted  which  are  simply  grat- 
ings    communicating    directly  with  the 
main   sewer  below,    and  it  is   assumed 
that  these  will  suffice  to  prevent  any  ac- 
cumulation  of   pressure  in   the    sewer, 
great  enough  to  force  a  seal  of  say,  lin. 
of  water.     But  besides  these  street  grat- 
ings, the  rain-water    stack  pipes  of  all 
suburban  houses,  with  the  exception  of 
a  few  built  under   special   supervision, 
communicate    directly    with     the    mam 
sewer,   and  it  follows   that   throughout 
the  length  of  a  street  the  main  sewer  is 
tapped  at  every  20  feet  or  30  feet  by 
house  rain-water  drains,  and  that  an  ac- 
cumulation of  pressure  in  the  sewer  is 
apparently  impossible,  as  the  sewer  gas 
can  rise  freely  in  the  stack  pipes  to  the 
level  of  the  eaves.     This  being  the  case, 
it  is  not  easy  to  see  what  good  purpose 


the  street  grating  ventilator  can  possibly 
serve. 

In  theory  these  arrangements  are  by 
no  means  defective.  The  sewer  gases 
are  provided  with  means  of  escaping 
freely,  and  it  is  apparently  impossible 
that  the  seal  of  any  fairly  well-made 
trap  can  be  forced ;  but  in  practice  the 
system  works  very  badly,  and  it  is  be- 
cause this  circumstance  seems  to  have 
been  overlooked  by  nearly  all  writers  on 
sanitary  subjects  that  we  now  call  our 
readers'  attention  to  it.  In  calm 
weather,  with  a  steady  barometer,  all 
goes  well,  but  a  sudden  fall  hi  the  baro- 
meter will  at  once  let  loose  much  gas 
previously  imprisoned  in  the  liquid  or 
semi-liquid  contents  of  the  sewer.  Next 
we  have  rain,  which  stirs  up  the  said 
contents,  and  a  very  foul-smelling  and 
noxious  emanation  at  once  begins  to  try 
to  issue  from  the  street  grating  and  the 
open  tops  of  the  stack  pipes.  A  stack 
pipe  is  very  like  a  chimney  in  the  sense 
that  it  may  or  may  not  "draw,"  and  it  is 
worse  off  than  a  chimney,  because  the 
force  with  which  the  current  of  sewer 
gas  rises  within  it  is  very  feeble  unless 
the  weather  be  warm.  The  position  as 
sumed  by  the  open  mouth  of  the  stack 
pipe,  just  under  the  eve,  is  about  the 
worst  possible  so  far  as  the  performance 
by  the  pipe  of  the  functions  of  a  venti- 
lator is  concerned.  In  certain  states  of 
the  weather,  the  wind  deflected  from  the 
rood  down  the  mouth  of  the  pipe,  not 
only  stops  all  upward  currents,  but 
creates  down  currents,  and  causes  a 
plenum  in  the  main  sewer.  We  have 
seen  this  effect  so  strongly  manifested, 
that  in  a  winter's  gale  1  inch  water  seals 
in  a  dwelling-house  were  broken  with 
ease  at  every  gust  of  wind.  Prudent 
people  will  trust  their  lives  to  nothing 
less  secure  than  a  2-inch  seal,  while  three 
inches  are  easily  to  be  had,  and  with 
these  the  sewer  gas  no  longer  finds  its 
way  into  the  houses  through  the  sinks, 
&c.  But  it  gets  in  none  the  less  cer- 
tainly. At  times,  while  a  down  draught 
is  going  on  in  one  set  of  stack  pipes,  a 
sluggish  up-draught  may,    as   a    conse- 
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quence,  be  taking  place  in  others  at  the 
opposite  side  of  the  street.  The  sewer 
gas  is  often  positively  heavier  than  the 
air,  and,  under  the  conditions  just  named, 
overflowing  from  the  stack  pipes,  it 
descends  to  the  ground,  and  then,  as 
there  is  always  an  in  draught  to  every 
inhabited  house,  for  obvious  reasons,  the 
sewer  gas  will  find  its  way  into  the  base- 
ment, and  render  it  for  the  time  abso- 
lutely vuiinhabitable.  If  at  such  periods 
the  intelligent  householder  will  take  the 
trouble  to  run  the  stench  to  earth,  he 
will  find  from  the  evidence  supplied  by 
his  sense  of  smell,  a  layer  of  sewer  gas, 
probably  not  more  than  1-feet  thick, 
spreading  itself  along  the  street  and 
overflowing  into  areas  and  down  steps, 
and  that  this  gas  is  lazily  welling  up 
from  the  street  grating  ventilators.  He 
will  also  find  the  sewer  gas  descending 
in  streams  outside  certain  of  his  stack 
pipes,  and  he  will  also  find  that  a  gentle 
breeze  is  blowing,  but  that  the  offensive 
ventilator  and  stack  pipes  are  sheltered 
from  it.  At  such  times  he  may  rest  as- 
sured that  at  some  other  point  in  the 
sewer  there  is  a  direct  influx  of  air 
caused  by  a  down  draught  in  stack  pipes, 
due  in  its  turn  to  the  breeze.  We  exag- 
gerate in  no  wise  when  we  say  that 
hundreds  of  houses  in  the  suburbs  of 
London  are  liable  at  any  moment  to  be 
flooded  in  this  way  with  sewer  gas  from 
the  outside,  and  this  with  the  most  per- 
fect traps  known  to  science  indoors. 

It  will  be  urged  that  the  remedy  con- 
sists in  cutting  off  the  stack  pipes  from 
the  main  sewer  by  special  traps ;  that  is 
to  say,  there  ought  to  be  a  trap  in  the 
pipe  which  unites  all  the  stack  pipes, 
sinks,  and  closets  with  the  main  sewer. 
This  is  right,  so  far  as  it  goes  in  theory, 
but  in  practice  the  arrangement  is  not 
found  to  work  well.  In  most  cases  there 
is  not  room  for  such  a  trap.  We  are 
not  dealing  now,  be  it  remembered,  with 
what  are  known  to  builders  as  "  man- 
sions," but  with  the  houses  letting  at  from 
£40  to  £60  a  year,  which  may  be  counted 
by  the  thousand  all  round  London,  east, 
west,  north  and  south.  Such  traps,  to 
be  efficient,  must  be  so  placed  that  they 
can  be  examined  from  time  to  time. 
They  must  be  of  good  proportions,  and 
they  are  rather  expensive  affairs.  We 
happen  to  know  that  in  many  instances 
where  they  have  been  fitted  they  have 


had  to  be  removed,  because  they  caused 
more  trouble  and  nuisance  than  they  were 
worth.  If  care  were  taken  to  provide  3- 
inch  seals  to  the  sinks  and  closets  of  a 
dwelling-house,  with  proper  ventilating 
pipes,  then  would  the  external  trap  be 
wholly  unnecessary.  But  let  us  suppose 
that  the  system  were  universally  adopted ; 
we  should  then  have  the  main  sewer  cut 
off  from  the  stack  pipes.  Would  matters 
be  improved?  We  much  doubt  it.  The 
gas  would  then  rise  through  the  street 
ventilators  in  greater  volumes  than  ever, 
and  flow  over  the  roadway  and  into  the 
houses.  That  these  ventilators  are  dan- 
gerous nuisances  is  known  to  most  sani- 
tary engineers;  and  various  devices,  in 
the  shape  of  charcoal  baskets,  have  been 
adopted  to  render  them  harmless.  In 
many  cases  these  havej  proved  useful,  but 
Sir  Joseph  Bazalgette  at  all  events  has 
pronounced  them  worse  than  useless,  and 
they  are  not  now  fitted  in  London.  When 
a  complaint  is  brought  before  the  local 
authorities  that  a  street  ventilator  is  caus 
ing  a  nuisance,  a  man  is  sent  with  a  bucket 
of  disinfectant,  which  is  emptied  down  the 
ventilator,  and  the  authorities  rejoice  that 
they  have  done  all  that  is  needful  for  the 
well-being  of  the  community. 

We  may  be  asked,  what  would  we  have? 
Ought  street  ventilators  to  be  done  away, 
and  if  so  how  are  drains  to  be  ventilated? 
To  this  we  reply  that  some  years  ago  the 
ventilation  of  town  drains  constituted  a 
subject  of  constant  discussion  among  san- 
itary engineers,  while  now  hardly  anything 
is  said  about  it.  Are  we  to  assume  that 
the  difficulties  to  be  encountered  are  too 
great  to  be  overcome  ?  We  think  not,  and 
we  write  in  the  hope  that  the  subject  will 
once  more  receive  the  attention  it  really 
deserves.  May  we  venture  to  suggest 
that  the  best  way  of  ventilating  a  sewer 
would  consist  in  taking  a  lesson  from  the 
performance  in  this  connection  of  stack 
pipes,  and  developing  the  idea  in  a  prac- 
tical shape?  As,  for  example,  let  it  be 
made  compulsory  on  every  builder  to 
carry  up  a  flue  through  one  of  the  walls 
of  his  house,  the  top  of  which  flue  may  be 
made  to  assume  the  form  of  an  ordinary 
blind  chimney  cap ;  this  flue  should  freely 
communicate  at  its  base  with  the  main 
sewer,  either  by  means  of  the  common 
drain  from  the  house,  or  by  means  of  a 
subsidiary  drain.  The  best  position  for 
the  flue  would  be  alongside  the  kitchen 
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chimney,  from  which  it  would  constantly  !  stack  pipe  reaches.     The  cost  of  the  ar- 
derive  heat.     The  result  would  be  at  all :  rangenient  would  be  very  trifling,  and  it 


times  a  strong — for  a  sewer  ventilator 
upward  current  through  the  drain  flue, 
which  would  discharge  the  sewer  gas 
through  an  aperture  in  its  side,  where  it 
ought  to  do  no  harm — at  an  elevation,  at 
least,  far  safer  than  that  to  which  any 


could  be  adapted  under  every  conceivable 
circumstance.  When  small  houses  are 
built  in  a  group,  one  or  two  ventilating 
flues  only  would  suffice,  instead  of  one 
for  each  house.  Of  course,  all  street  ven- 
tilators would  be  closed  up. 


ELEMENTS  OF  THE  MATHEMATICAL  THEORY  OF  FLUID 

MOTION. 

By  THOMAS  CRAIG,  Ph.D.,  Fellow  in  Physics  in  the  Johns  Hopkins  University,  Baltimore,  Md. 
Written  for  Van  Nostband's  Magazine. 


The  following  paper  contains  the 
.mathematical  investigation  of  some  of 
the  cases  of  the  motion  of  incompressi- 
ble, frictionless  fluids.  The  results  ob- 
tained are  to  be  considered  as  applying 
only  to  this  class  of  fluids,  unless  the  con- 
trary is  expressly  stated.  The  paper  is 
intended  to  be  introductory  to  a  treatise 
which  I  hope  before  long  to  be  able  to 
publish. 

In  a  subject  so  difficult  as  Hydrody- 
namics, there  is  but  little  chance  for  the 
discovery  of  hitherto  unheard  of  proper- 
ties of  the  quantities  dealt  with,  so,  in 
what  follows,  the  reader  will  not  look  for 
much  that  is  absolutely  new  in  the  way 
I  of  fact,  although  the  arrangement  of  the 
work  and  in  many  cases  the  methods 
employed  are  my  own. 

The  references  to  the  original  sources 
from  which  information  has  been  drawn, 
are  given  in  every  case,  and  I  trust  that 
these  references,  together  with  the  mat 
ter  contained  in  this  paper,  will  prove  of 
value  to  any  one  interested  in  the  most 
difficult  but  beautiful  problem  of  fluid 
motion. 

Of  late  years,  much  has  appeared  in 
different  places  upon  the  subject  of 
Hydrodynamics,  but,  so  far  as  I  am 
aware,  there  is  no  general  work  either  in 
the  English,  French  or  German  lan- 
guages. The  aim  of  this  paper  and  the 
treatise  which  will  follow  will  be  to 
combine  in  one  work,  all  of  importance 
that  has  been  written  upon  the  subject, 
and  so  enable  the  student  to  forego  the 
immense  amount  of  research  necessary 
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in  order  thoroughly  to  inform   himself 
upon  any  one  branch  of  the  subject. 

The  short  section  which  appears  upon 
the  theory  of  the  Potential,  is  principally 
taken  from  Clausius's  work  upon  that 
subject.  The  references  to  theoretical 
mechanics  are,  unless  otherwise  stated, 
to  Thomson  and  Tait's  Natural  Philoso- 
phy. Kirchhoff's  Mathematische  Physik 
and  Clifford's  Elements  of  Dynamic,  have 
also  been  consulted. 


GENERAL    EQUATIONS    OF    FLUID    MOTION. 

Let  X,  Y,  Z  denote  as  usual  the  com 
ponent  forces  acting  at  the  point  (x,  y,  z) 
of  the  fluid  reckoned  per  unit  of  its  mass 
— then  denoting  by  p  the  density  of  the 
fluid  we  have  for  the  forces  acting  upon 
the  elementary  mass  pdadydz  the  ex- 
pressions 

ILpdxdydz,  Ypdxdydz,  Zpdxdydz; 

Now  for  the  fluid  pressure  acting  upon 
one  face  of  the  elementary  parallelopiped, 
say,  dydzwekiwep  SySz,  p  denoting  the 
pressure  on  unit  of  area ;  upon  the  oppo- 
site face  it  is,  neglecting  powers  of  dx 
hisrher  than  the  first. 


■6y6z(p+^x) 


Consequently  the  resultant  force  due  to 
fluid  pressure  acting  in  the  direction  of 
the  axis  x  is, 

—  6ySz-~-8x. 
*      dx 
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The  equilibrium  of  this  portion  of  the 
fluid  therefore  requires  that 

6x6ySz-j-—(^Sx6y6z=o 

with  similar  expressions  for  the  other 
pairs  of  faces.  We  have  thus  for  the 
equations  of  fluid  equilibrium, 

dp_  x 
dx 


dp  _ 
dy 
dp 
dz 


=pz 


These  three  equations  can,  of  course,  be 
replaced  by  the  single  equation  of  equili- 
brium. 

dp=p(Kdx  +  Ydy  +  Zdz) 

when  dp  denotes  the  variation  of  pressure 
corresponding  to  the  changes  dx,  dy,  dz,  in 
the  co-ordinates  of  the  point  at  which  the 
pressure  is  estimated.  We  see  from  this 
equation  that  the  expression, 
X.dx  +  Ydy  +  Zdz, 
is  either  an  exact  differential  or  capable 
of  being  made  so  by  a  factor.  If  the 
forces  X,  Y,  Z  belong  to  a  conservative 
system,  that  is,  a  system  possessing  a 
potential,  or  for  which  the  absent  ex- 
pression is  an  exact  differential,  we  know 
that 

dX     dY 

-^ —  =  o  &c. 

dy     dx 

But  when  these  conditions  are  satisfied 
the  qitantity  Xdx  +  Ydy  +  Zdz  is  an  ex- 
act differential,  or  in  the  case  of  a  system 
of  conservative  forces  we  have  without 
the  assistance  of  any  interpreting  factor 

Xdx  +  Ydy  +  Zdz= dR 

when  R  is  the  potential  of  the  forces  at 
the  point  (x,y,z).  It  follows  from  this 
that  dp  =  —  p~R,  or  that  p  is  a  function 
of  R,  then  for  all  surfaces  for  which  R  is 
constant  _p  is  also  constant,  i.e.  the  press- 
ure is  constant  over  all  equi-potential 
surfaces.  From  these  equations  of 
equilibrium  we  can  pass  directly  to  the 
equations  of  motion,  by  means  of  D'Aleni- 
bert's  principle.  Call  u,  v,  w,  the  veloci- 
ties of  a  particle  of  the  fluid  whose 
co-ordinates  at  the  time  t  are  x,y,z,  thus, 

dx  dy  dz 

u——,  w— -7-,  w=— r  ; 
dt'         dtf  dt ' 


let  u',  v',  w',  denote  the  accelerations  to 
which  these  velocities  give  rise,  then  in 
our  equations  of  equilibrium  replacing 
X,  Y,  Z  by, 

X— «',  Y-v',  Z-w' 

we  have  for  the  equations  of  motion 

dp 
dx 
dp 
dy 

w') 

when  we  have  of  course, 


;=|0(X— U% 

[=p(Y-v'), 


xz 


*    du     du  dx     du  dy     du  dz 
~  dt     dx  dt     dy  dt     dz   dt 


-( 


d         d         d  d 

-+U—  +  V-J-+W 

dt        dx       dy 


d\ 


We  may  for  brevity  replace^this  oper- 
ator by  ..=-,  and  we   have  thus])  for  the 

J  Dt  " 

equations  of  fluid  motion  the  following: 


dp 
dx 


<*-&> 


d~y-pv~Dtr 

Tz-p{z--bir 


Concerning    the    operator    which    we 

have  denoted  by  — ,    it   is   important   to 

observe  that  it  relates  to  a  particular 
particle  and  not  to  a  particular  point  in 
space ;  the  velocities  u,  v,  w,  are  functions 
of  x,  y,  z  and  t,  and  denote  the  velocity 
which  any  particle  has  when  it  occupies 

the  position  denoted  by  x,  y,  z  and  -=-- 

dt  denotes  the  increase  of  velocity  of  a 
second  particle  over  the  one  originally  in 
this  position,  which  arrives  at  this  point 
after  the  lapse  of  time  dt,  while  on  the 

other  hand,  ^r-dt  denotes  the  change  in 

velocity  of  the  original  particle  during 
this    time.     When    the   motion   is   very 

small,  the  terms  u-^-,  &c.  may  be  neglect- 
ed, and  we  would  have, 
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J5t~di 

To  our  equations  of  motion  it  is  neces- 
sary to  add  one  more,  expressing  the 
continuity  of  the  fluid.  This  equation 
simply  expresses  the  fact,  that  during 
any  natural  motion  there  can  be  neither 
annihilation  or  germination  of  matter,  or, 
referring  to  our  problem,  that  the 
amount  of  fluid  in  any  space  at  any  time 
must  be  equal  to  the  amount  originally 
contained  in  that  space,  increased  by  the 
amount  which  has  entered  it  during  the 
time  which  has  been  allowed  to  pass, 
diminished  by  the  amount  which  has  left 
it  during  that  time. 

Let  a,  b,  c,  denote  the  co-ordinates  of 
any  particle  of  the  fluid  at  an  initial 
instant,  x,  y,  z,  denote  the  values  of 
these  co-ordinates  at  the  time  t ;  now  in 
order  completely  to  specify  the  motion  it 
is  necessary  to  express  these  latter  quan- 
tities as  functions  of  initial  co-ordinates 
and  the  time.  Suppose  further,  that  6a, 
6b,  6c,  are  the  edges  of  a  small  parallelo- 
piped  of  the  fluid,  as  these  are  assumed 
to  be  infinetisimal,  the  figure  will  remain 
a  parallelopipecl  during  the  motion. 

We  have  now  for  the  co-ordinates  of 
the  extremities  of  the  edges  meeting  in 
the  point  a,  b  c, 

a  +  6a,  b,  c,     a,  b  +  6b,  c,     a,  b,  c  +  6c 

at  the  time  t   the  co-ordinates  of   these 
points  will  be, 

x,  y,  z, 

dx  .  dy  .  dz  „ 

x+^-Ja,     y+^-6a,     z  +  d-3cc 


da 


da 


From  these  we  arrive,  by  a  smple  geo- 
metrical process,  at  the  volume  of  the 
parallelopiped,  which  is  then  at  the  time 
t. 


6a6b6c 


or  representing  the  determinant  by  A, 
A6a6buc;  hence  by  our  definition  of 
continuity  we  must  have 


dx 

dy 

dz 

da? 

da 

da 

dx 

dy 

dz 

db' 

dV 

db 

dx 
~dj 

dy 
dc' 

dz 

dc 

or  in  general  if  p0  and  p  denote  the  initial 
and  final  densities  of  the  fluid  contained 
in  this  portion  of  space 

pA=p0— 

which  simply  expresses  the  fact  that  the 
density  of  the  fluid  contained  in  this  por- 
tion of  space  must  vary  inversely  as  the 
volume  of  the  space. 

This  equation  is  known  as  the  integral 
equation  of  continuity.  The  form  of  the 
equation  most  generally  employed,  how- 
ever, is  that  which  expresses  the  fact  that 
the  rate  of  diminution  of  density  bears 
to  the  density  at  any  instant  the  same 
ratio  that  the  rate  of  increase  of  the  vol- 
ume of  an  infinitely  small  portion  of  the 
fluid  bears  to  the  same  infinitely  small 
volume  at  the  same  instant.  The  sym- 
bolical expression  of  this  fact  constitutes 
the  differential  equation  of  continuity  of 
the  fluid. 

Let  the  flow  towards  the  inside  of  an 
elementary  parallelopiped  of  the  fliud  be 
considered  as  positive,  then  the  flow  to- 
wards the  outside  will  be  negative, 
representing  as  before  the  edges  of  this 
elementary  parallelopiped  by  6x,  6y.  6z 
we  have  for  the  flow  through  the  face 
6y  6z  in  the  direction  of  x  and  durin.o- 
the  time  dt 

p6y6zudt 

through  the  opposite  face  the  flow  will 
be  during  the  same  time 

—  6y  6zipu  +  -~.6x\dt. 

These  together  give  rise  to  an  increase 
of  mass 

—  6x6y6z~  dt 

with  similar  expressions  for  the  other 
pairs  of  faces  respectively,  perpendicular 
to  the  axis  of  y  and  z.  Then  the  total 
increase  of  mass  is 

d.pu  (  d.pv     d.fnc^ 
dy        dz 
but  this  increase  of  mass  is  also  given  by 

6x8ySz-j-dt; 

equating  these  values  and  we  have  for 
the  equation  of  continuity 

dp     d.pu      d.pv      d.pw 
dt        dx         dy         dz 


„    .    „  I  d.pu,     d.pv     d.i,tc\ 
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or  for  incompressible  fluids  simply, 


du     dv      dw  _ 
dx     dy     dz 


It  may  not  be  uninteresting  to  show 
how  this  differential  equation  of  continu- 
ity can  be  derived  from  the  integral  equa- 
tion. We  have,  denoting  the  mass  of 
this  elementary  portion  of  fluid  by  m, 


dx 

dx 

dx 

da! 

db' 

dc 

dy 
da! 

dy 
db' 

dy 
dc 

dz 

dz 

dz 

oV 

db' 

dc 

Sa  6b  dc 


m=p 


I>ifferentiating  this  with  respect  to  t  we 
have 

Dp       dA 
dt 


0=Am+p- 


or 


Dp 

°=Dl  +  A 


p  dA 

~~dJ 


the  quantity 


by 


— —   will    be    found 
A    dt 

easy  reductions  to  be  equal  to 
du     dv dw 
dx     dy  dz 
and  the  equation  thus  becomes 
_Dp       fdti     dv     dw\ 
Dt       \ dx     dy     dz  I 

from  which  we  obviously  obtain  the 
forms  given  above.  Particular  forms  of 
this  equation  for  special  cases  are  often 
quite  simple — as,  for  example — suppose 
the  motion  of  the  fluid  to  be  wholly 
parallel  to  the  plane  xy  •  in  this  case  we 
have  simply 

du     dv  _ 

dx     dy 

but  -.-= — =-  is  the  condition  that  the 
dx         dy 

expression 

udy—vdx 

be  'an  exact  differential;  calling  it  dW 
we  have 

_dW     ,__dw 

dy '  dx 

The  quantity  W  is  called  the  stream 
function,  and  all  motion  takes  place  in 
the   direction   of  the   curves   W=  const. 


If  the  motion  be  steady,  the  lines  W 
= const,  will  form  a  system  of  tubes  in 
the  fluid,  which  may  be  called  the  tubes 
of  flow.  A  much  more  general  simplifi- 
cation of  the  equations  of  hydrodynamics 
exists  however  for  certain  classes  of 
motion.  It  is  a  fact,  the  discovery  of 
which  is  due  to  Lagrange  that  if  at  any 
time  the  expression 

udx  +  vdy  +  icdz 

is  an  exact  differential,  it  will  remain  so 
throughout  the  motion;  that  is,  if  at 
any  time  we  have 


du    dv     dw     du    du    dv 
dz     dy     dx     dz     dy     dx' 


=  o 


these  quantities  will  remain  so  through- 
out the  motion.  Representing  these 
quantities  by  <?,  77,  d,  we  may  express 
this  fact  in  another  manner,  viz.  if  at  any 
time  the  motion  of  the  fluid  be  irrota- 
tional,  it  will  remain  so  during  the  entire 
motion.  In  particular,  if  the  fluid  origin- 
ally at  rest  be  set  in  motion,  by  a  system 
of  conservative  forces  or  pressures,  there 
will  be  no  motion  of  rotation  throughout 
the  entire  motion.  The  following  proof 
of  this  theorem  is  that  given  by -Sir  Wm. 
Thomson  in  his  paper  on  "Vortex  Motion," 
Edin.  Trans.  1869.  As  this  proof  does 
not  depend  upon  the  quantity  p,  we  can 
give  it  in  general  representing  by  go  the 

integral  /  —  • 


We  have  then  from  our 


equations  of  motion 

dn = Xdx  +  Ydy  +  Z  dz 

(Du   7       Dv 

—  I  --  dx  + 


,Dt 


Dt 


Dw  .    \ 

dyi-mdzj 


Now,  according  to  hypothesis, 

Xdx  +  Ydy  +  Zdz-dR, 
and  obviously, 

Du  -.       Do  Dw  7 

—  dx+mdy+-dz 


Dt 


( udx  +  vdy  +  wdz) 


(  Ddx       Ddu        Ddz\ 
^\UDf  +  V-bT+WDi) 


Ddx     dDx 


=  -TTT  =W,   &C 


Dt       Dt 
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dn  =<ZR —  -  (udx  +  vdy  +  wdz) 

+  (udu  +  vdv  +  iodic) 
or  representing  wa  +  v2  +  w*byY*, 

-^-udx  +  vdy  +  wdz)  =  d(R  +  ^V3 — tc). 

Integrating  tins  along  any  arc  (12) 
moving  with  the  fluid  we  have 

D    /• 

=-/  (udx  +  vdy  +  wdz)  =  (K  +  ^V  —  7r)2 

_(R  +  iV3-7r). 

If  the  arc  be  a  closed  circuit  the  second 
member  of  this  equation  vanishes  and  we 
have 

D    /•     _ 

yT./  (udx  +  vdy  +  wdz)  =  o, 


or  this  may  be  expressed  by  saying  that 
the  line  integral  of  the  tangential  com- 
ponent velocity  around  any  closed  curve 
of  a  moving  fluid  remains  constant 
throughout  all  time.  The  line  integral  is 
called  the  circulation,  and  the  proposi- 
tion may  be  stated.  The  circulation  in 
any  closed  line  moving  with  the  fluid  re- 
mains constant.  In  a  state  of  rest  the 
circulation  is,  of  course,  zero ;  therefore, 
for  the  assumed  case  of  motion  generated 
by  pressures  or  conservative  forces  we 
have  that  the  circulation  is  always  zero, 
so  that  udx  +  vdy  +  wdz  is  an  exact  differ- 
ential. Eepresenting  tins  quantity  by  dtp 
we  have 

dq>         dq>         dcp 

dx  dy         dz 

from  which  we  have  for  the  differential 
equation  of  continuity 


or  simply 


c7> 

dx* 


+ 


d*cp      d*cp  _ 
dy*  +  dz*  ~° 


A    cp  =  o. 


The  quantity  cp  is  appropriately  called 
the  velocity  function,  and  the  velocity  in 
any  direction  is  expressed  by  the  corre- 
sponding rate  of  change  of  cp.  We  may 
just  here  observe  one  fact  concerning  cp. 
If  cp  is  a  minimum  at  any  point,  i.e.  if  it 
increases  as  we  go  away  from  ■  that  point 
there  must  evidently  be  a  positive  expan- 
sion of  the  fluid  from  this  point  in  all 
directions.  Similarly  if  cp  be  a  maximum 
at  any  point.  Then  the  motion  is  in  all 
directions  towards  this  point  and  there  is 
compression  of  the  fluid. 


If  there  be  neither  expansion  nor  i 
pression  of  the  fluid  within  the  region 
bounded  by  a  closed  surface,  the  great- 
est and  least  values  of  the  velocity 
potential  in  that  region  must  be  on  the 
surface;  for  since  there  is  no  expansion 
or  contraction,  there  can  be  no  maximtun 
or  minimum  value  within  this  surface. 
If,  therefore,  the  velocity  potential  is 
constant  over  the  surface,  it  must  be 
constant  throughout  the  enclosed  region, 
since  its  greatest  and  least  values  are 
now  equal.  In  particular,  if  it  is  zero 
over  the  surface,  it  must  be  zero  through- 
out the  enclosed  region.  When  the 
velocity  potential  exists,  the  equation  for 
determining  the  pressure  can  be  put  into 
a  very  simple  form,  viz. 

drt=d^—  ^.dcp  +  ^dV* 


Dt 


integrating 


«/    p  Dt      z 


but 


Dcp      dcp 


Dt 

so  that 


dt 


+  u*  +  v  +w* 


dcp 
dt 


+  Y* 


7r=   fdp_x>     (dcp 


/?-*-($+»•) 


or  for  our  assumed  case  of  incompressi- 
ble fluids 

p  \dt  I 

Another  form  of  the  equations  of  fluid 
motion  due  to  Lagrange  is  worthy  of 
notice  here,  though  the  forms  already 
given,  or  Euler's  equations,  are  those  em- 
ployed in  general  in  hydrodynamies. 
Since  the  quantities  a,  y,  2,  are  functions 
of  the  initial  coordinates  of  the  point,  we 
have 

dp     dp  dx     dp  dy       dp  dz 

da     dx  da     dy  da      dz  da 

from  these  we  have 


&c. 


dp   dy   dz 
da'  da'  da 

dp      1 

dp    dy    dz 

dx~~  a 

db'  db'  db 

dp    dy    dz 

dc '  o?c'  dc 

but  we  have  also 
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dp 
dx 


from 


1  dp     _     d2x0 
p  dx  dt 

Substituting    the    values    of 

these  last  equations  in  those  giving  the 

values  of  -~- — and  we  have  the  Lagrang- 
da 

ean  equations  of  fluid  motion,  viz. 


j  d2x        )  dx 
\~dt~     \da  + 


dt 


ctz 
dt' 


)dx 
)da    p  da 


with  two  similar  ones  containing  b  and  c, 
respectively.  The  reader  can  see  that 
from  these  equations  we  can  readily  pass 
to  the  forms  given  before.  "Where  the 
forces  X,  Y,  Z  have  a  potential  and  there 
is  also  a  velocity  potential,  these  equa- 
tions become 


ctx  dx      d1y 
+ 


dt  da 

d2x  dx 
dtdb 


dt 


dy  d2z 
+  -£. 


dz     d(R—7r) 


+ 


d2y  dy 
dtdb 


da  dt  da 
d2z  dz 
dtdb 
d2z  dz 


+ 


d2x  dx      d2y  dy 

^dc  +  dtdc 


da 

d(R-7t 
~       db 
d^  —  Tt) 


dt  dc    '    dt  dc  '   dt  dc  dc 

Differentiate  the  second  of  these  equa- 
tions with  respect  to  c,  the  third  with 
respect  to  b,  and  subtract  the  latter  re- 
sult from  the  former.  It  will  be  sufficient 
to  examine  only  two  terms  of  the  result ; 
we  have  then 

d  j  d2x  dx)       d  \  d2x  dx 
~dc\  dt  db\~~db\  di'dc 


d  idx  d  dx     dx  d  dx 
dt)  db  dt  dc~ dc  dt  db 


dx  d2   dx 
~db  dt    dc 
dx  d2   dx 
dc  dt  db 
d  j  dx  du 
dt\  db  dc 
dx  du 
~  dc  db 

the  remaining  terms  will  be  obtained  by 
advancing  the  letters.  We  have  then  a 
quantity  which  differentiated  for  t  is  =  0. 
Performing  similar  operations  on  the  re- 
maing  pairs  of  equations  we  arrive  readily 
at  the  following  equations,  where  C„  C  , 
C3  denote  quantities  which  are  independ- 
ent of  the  time. 


&c. 


dx  du      dx  du 
da  db  ~  db  da 


+ 


dy  dv  dy  dv 
da  db  db  da 


(  dz  dio      dz  dw  j  _~ 
(  da  db       db  da  \~    ' 


f  dx  du      dx  du  )       (  dy  dv       dy  dv 
1  dc  da      da  dc  )       {  dc  da      da  dc 


dz  dw 

deda 


dz  dw 
dadc 


dx  du,      dx  du )       idy  du      dy  du 
db  dc  ~  dc  db)       \  db  dc        dc  db 

j  dz  dw      dz  dw)      ~ 
+  \dblc  ~Tc  lb)        3' 

Let  now  ua,  v0,  w0  represent  the  values 
of  u,  v,  w  for  t  =  o,  thus  at  this  time  we 
have 

u—ua,  v  =  v0,  w=w0 

x=a,    y=b,     z=c; 

Substituting  these  values  in  the  above 
equations  and  they  reduce  immediately 
to    . 

dua  _  do, 
db  da 
dw0  duQ 
'  da  dc 
dv0  _  dico  ^  c 

dc    ~  db  3 

We  have  further,  since  u,  v,  w  are  func- 
tions of  x,  y,  z, 


=  0. 


du 

da 


du  dx      du    du     die    dz  . 

+ —m &c. 

dy  da       dz  da 


dxda 


If  now  in  our  determinant  A  we  de- 
note the  separate  minors  by  At,  B1?  rv 
and  r„,  i.  e., 


A.= 


dy   dz 

db  dc 


dy    dz 

dc  da 


substituting  now  the  values  of 


du 
da 


&c. 


in  the  above  equations  C,,  C2,  C3  and 
noting  these  last  abreviations  we  have, 
since  for  incompressible  fluids  A  =1, 


A, 


dv 
dz 


dw  ) 


die  du 

dx  dz 

j  du  dv 

\  dy  dz 


dv 
■  — « 

dc 


dw9 
"db 


dv       dw  j  j  dw       du 

dz       dy   j         2  j  dx       ciz 

(du       dv)__dwa        du0 
2{dy       dz  )~  da  dc 
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A. 


j  dv       cho 
[dz       dy 


+  B„ 


+r 


ch\ 
da 


dw       du 

dx        dz 
du        dv  )  _  dug 
dy       dz  )       db 

Representing  the  quantities  on  the 
right  hand  side,  as  we  appropriately  may, 
by  2  <?0,  2  ro,  2  tf0,  and  solving  the  equa- 
tions for  the  quantities  within  the  paren- 
thesis, we  have 

^     ^  dx  dx       .   dx 


c?a 


<?6 


c?a 


db 


+  <?n 


d6 


„      >.  dz    .       db       ~ 

If  the  quantities  <§"„,  F0,  30,  which  are 
the  initial  angular  velocities  of  the  particle 
of  the  fluid  whose  co-ordinates  at  t  =  o 
a,  b,  r,,  are  =  o,  we  have  that  <?,  r,  S  must 
also  be  =  o,  that  is,  we  arrive  again  at 
the  theorem  that  if  there  be  no  original 
motion  of  rotation  in  the  fluid  there  will 
be  none  at  any  future  time.  It  will  be 
of  interest  to  obtain  the  equations  which 
were  used  by  Helmholtz  in  his  great 
memoir  on  vortex  motion.  These  are 
simply  obtained  from  our  equations  of 
motion.  The  first  of  these  equations 
written  out  in  full  is 

dx  dt  dx         dy         dz 

Now  supposing  the  fluid  initially  at 
rest  to  be  set  in  motion  by  conservative 


forces  and  pressures  from  the  exterior, 
the  analytic  conditions  for  this  are 

dy  dx 
Therefore  differentiating  the  first  equa- 
tion with  respect  to  y  and  the  second 
with  respect  to  x,  and  subtracting  we 
eliminate  go  and  the  impressed  forces, 
and  have 

d   dv        d  du      du  i  dv     du  \ 
~dx'd~t~  dydt       dx\dx     dy\ 

(       d  dv         d  du) 
I      dy  dx        dx  dx ) 
from  this  we  have  obviously 

5^  =  due+  —  v-  i  —  +d-^<$ 

Dt        dz  dz    '        |  dx     dy\ 

and  remembering  that  for  incompressible 
fluids  we  have 

du  ,  dv    ,    dio_ 

"T    "T   — -z O 

dx      dy       dz 

this  becomes 

DS  _  du  g,    dv      ,   dw  R 
Dt  ~~  dz  dz  dz 

And  similarly 

DB,       du  £      dv    ,  ,  dw  « 

— - —  =  —  <?  ■+■  — ■=—  i)~\   -y-  °> 
Dt       dx  dx  dx 


Dn      du  c 

— '-  = —  ^  + 
Dt       dy 


dv       ,    dw  o. 
dy  dy 


The  principle  of  the  persistence  of  ini- 
tially irrotational  motion  obviously  fol- 
lows from  these  equations. 


ON  THE  FRICTION AL  RESISTANCES  OF  PNEUMATIC 

FOUNDATIONS. 

By  A.  SCHMOLL. 
From  "  Zeitschrift  des  Vereines  Deutscher  Ingenieure,"  Abstracts  published  by  the  Institution  of  Civil  Engineers. 


In  applying  pneumatic  foundations  for 
bridge  piers  it  is  important  to  know  the 
amount  of  fractional  resistance  encoun- 
tered by  caissons  in  various  strata  and 
at  different  depths,  in  order  to  determine 
the  load  necessary  to  overcome  this  re- 
sistance, or  in  case  of  light,  insufficiently 
resisting  soil,  to  determine  the  depth  to 
which  a  pier  must  be  sunk  to  carry  the 
load. 

Cast-iron  cylinders  or  caissons  with 
casements,   can   be    detached    from  the 


chains  by  which  they  have  been  kept  in 
position,  as  soon  as  the  columns  have 
well  penetrated  the  ground,  whereby  the 
sin  king  proceeds  quicker,  and  the  quan- 
tity of  loose  earth,  forced  under  the 
lower  edge  of  the  caisson  into  the  exca- 
vating chamber,  is  considerably  reduced. 
For  the  erection  of  foiu-  cylinders  of  the 
Kehl  bridge  over  the  Rhine,  where  no 
cofferdams  were  used,  the  quantity  of 
sand  and  stone  removed  from  the  interior 
of   the   excavating;    chamber    was   about 
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21,000  cubic  yards,  while  the  space  oc- 
cupied by  the  subterranean  portion  of 
the  cylinders  was  only  13,731  cubic  yards, 
the  difference  arising  from  the  influx  of 
loose  earth  and  sand  into  the  excava- 
tions. 

According  to  the  experience  of  the 
author,  not  only  the  nature  of  the  soil  but 
also  the  shape  of  the  column  influences 
the  frictional  resistance,  the  latter  being 
smaller  for  cast-iron  cylinders  and  rect- 
angular caissons  than  for  caissons  of  an 
oblong  section. 

The  details  given  relate  to  the  applica- 
tion of  cast-iron  cylinders,  or  of  wrought- 
iron  riveted  caissons  with  vertical  sides 
and  with  casings  reaching  above  the 
water  level  for  strata  which  forcn  the  bed 
of  the  Seine,  Rhine,  and  Danube.  In 
determining  the  frictional  resistance  the 
following  conditions  must  be  observed: 

1.  The  tube  or  caisson  must  be  ver- 
tical. 

2.  It  must  be  free  on  all  sides,  neither 
attached  to  the  guide  chains  nor  resting 
upon  its  lower  edge,  but  only  kept  in 
equilibrium  by  its  weight,  by  the  friction 


on  its  circumference  and  by  the  internal 
air  pressure. 

To  achieve  these  conditions  the  total 
weight  of  the  cylinder  must  be  less  than 
the  frictional  resistance,  plus  the  weight 
of  the  displaced  water;  or  else  sinking 
takes  place  without  air  being  let  off,  and 
without  the  cutting  edge  being  under- 
mined. If  these  conditions  be  fulfilled, 
the  air  pressure  shown  by  a  gauge  is  re- 
corded, the  safety  valve  opened,  and  after 
the  sinking  motion  of  the  caisson  has 
begun,  the  air  pressure  is  again  observed 
and  the  valve  rapidly  closed.  The  be- 
ginning of  the  motion  indicates  that  the 
effective  air  pressure,  together  with  the 
friction  at  the  circumference  of  the  cais- 
son, have  become  slightly  smaller  than 
the  cylinder. 

EXPERIMENTS    ON    CO-EFFICIENTS    OF 
FKICTION. 

As  co-efficients  of  friction  relating  to 
materials  and  surfaces  which  occur  in 
pneumatic  foundations  were  unknown  to 
the  author,  he  determined  the  following  by 
direct  experiments  made  in  March,  1876, 
in  Vienna,  with  the  aid  of  a  dynamometer. 


Co-efficients  of  Friction. 

Description  of  Materials. 

At  the 
Beginning 
of  Motion. 

During 

the 
Motion. 

Beginning 

of 

Motion. 

During 
Motion. 

For  Dry  Materials. 

For  Wet  Materials. 

Sheet  iron  without  rivets  on  gravel  mixed  with  sand. 
Cast  iron  (unplaned)            "            "          

0.4015 
0.3965 
0.3677 
0.4266 
0.4088 
0.5361 
0.7269 
0.5636 
0.6473 
0.6633 

0.4583 
0.4911 
0.4668 
0.5368 
0.5109 
0.6313 
0.8391 
0.6063 
0.7000 
0.7340 

0.3348 
0.4677 
0.3646 
0.4104 
0.4106 
0.3655 
0.5156 
0.4744 
0.4728 
0.5787 

0.4409 
0.5481 
0  4963 

Granite  (roughly  worked)    "            "          

0  4800 

Pine  (sawn)                          "            "          

0  4985 

Sheet  iron  without  rivets  on  sand 

0  3247 

"          with            "        "        

0  4977 

Cast  iron  (unplaned)    "        "        

0  3796 

Granite  (roughly  worked)      "        

0  5291 

Pine  (sawn)                            "        

0  4793 

Each  figure  is  the  average  result  of  at 
least  ten  experiments.  Between  two 
consecutive  experiments  there  was  an  in- 
terval of  from  eight  to  ten  minutes.  All 
materials  were  rounded  off  at  their  face 
in  sledge  shape  and  drawn  lengthwise 
and  horizontally  over  the  gravel  or  sand ; 
the  latter  was  well  levelled  and  bedded 
as  solid  as  it  is  likely  to  be  in  its  natural 
position.     The  riveted   sheet  iron   con- 


tained twenty-five  rivets  on  a  surface  of 
2.53x1-67  =  4.22  square  feet,  the  rivet 
heads  were  half  round  and  of  i-|  inch 
diameter. 

Contrary  to  the  experience  of  General 
Morin  with  other  materials,  it  follows 
from  these  experiments,  that  for  the 
above-named  rough  materials,  the  resist- 
ance of  friction  from  rest  is  smaller  than 
the  resistance  during  the  motion. 
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As  the  author's  experiments  relate  to 
materials  with  rough  surfaces  this  re- 
markable fact  can  be  explained  by  the 
supposition  that  during  tne  motion  the 
small  cavities  and  depressions  on  the 
sheet  iron,  cast-iron,  wood,  and  stone 
surfaces  become  filled  with  dry  sand 
which  adheres  to  the  surface,  so  that  the 
effect  is  nearly  the  same  as  though  two 
surfaces  of  dry  sand  were 'in  contact  with 
each  other. 

But  for  the  friction  of  the  surfaces  of 
the  same  materials  (except  granite)  on 
wet  sand  the  reverse  occurs.  The  fric 
tion  during  the  motion  is  smaller  than 
the  friction  at  the  beginning  of  motion. 
Probably  the  wet  sand  forms  a  more 
solid  bed  for  the  wet  bodies  sliding  over 
it,  in  consequence  of  which  the  small 
depressions  of  the  latter  are  not  filled 
with  sand  so  easily  as  in  the  Case  of  dry 
surfaces. 

CALCULATION    OF    THE    RESISTANCE     OF     FEIC- 
TION    IN    PNEUMATIC    FOUNDATIONS. 

First  example:  Experiments  made  on 
the  2d  of  June,  1863,  with  the  upper 
part  of  column  V  of  the  railway  viaduct 
over  th9  Seine  at  Orival  near  Elbceuf. 
As  soon  as  the  cast-iron  cylinder,  stand- 
ing in  an  extensive  and  rather  uniform 
bed  of  gravel,  and  having  ceased  to 
move  for  thirty-two  hours,  completely 
fulfilled  all  conditions  necessary  for  such 
an  experiment,  and  was  undermined 
about  6  inches,  the  workmen  left  the 
column  and  the  safety-valve  was  opened. 
When  the  air  pressure  had  sunk  from 
1.20  to  1  atmosphere  above  the  normal 
pressure  of  the  atmosphere,  the  cylinder 
began  to  move,  and  at  once  sank  13 
inches.  It  would  have  sunk  deeper  if 
the  experimenter  had  not  arrested  the 
escape  of  air  by  closing  the  safety-valve 
at  the  beginning  of  the  motion.  At  the 
moment  of  sinking  the  water  had  risen 
in  the  lower  ring  to  a  height  of  34  inches. 

Some  minutes  after  this  first  experi- 
ment a  second  and  third  was  made  with 
the  same  cylinder,  when  it  sank  13  inches 
and  12.6  inches  respectively,  the  total 
fall  for  the  three  consecutive  experi- 
ments therefore  being  38£  inches. 

The  weight  of  the  column,  including 
iron,  concrete,  masonry,  and  woodwork, 
was  218  tons. 

The  loss  of  weight  by  immersion  at 


the  moment  when  friction  was  overcome 
and  the  oolumn  began  to  sink  was 

[(10.20  x  10.1788) +  (1.00  x  10.3491)- 

(0.87  X  9.7868)]  X  1000  =  105,659 

kilogrammes  (104  tons). 

10.20  metres  being  the  height  of  the  im- 
mersed part  of  the  column  including  the 
lowest  ring,  and  10.1788  square  metres 
the  superficial  area  of  the  cylinder  (di- 
ameter =  3.6  metres,  and  circumference 
=  11.31). 

Metre. 

1.00      =  height  )  of  the  lowst 

10.3491  =  superficial  area)  ring. 

9.87      =  height  of  inner  water  level  over 

the  cutting  edge. 
9.7868  =  superficial  area  of  water  in  the 
lowest  ling. 

The  resistance  of  friction  was  there- 
fore : 

222,231-105,659  =  116,572  kilogrammes 
(114  tons). 

The  author  further  cites  (Example  2) 
an  experiment  with  the  first  caisson  of 
the  right  abutment  of  the  railway  bridge 
over  the  Danube  between  Vienna  and 
Stadlau  (Austrian  State  Railway),  5th  of 
November,  1868,  the  results  being  nearly 
the  same  as  in  No.  1. 

It  sometimes  occurs  that,  when  the 
cylinder  is  in  clay  soil,  the  water  does 
not  enter  into  the  working  chamber, 
although  the  compressed  air  may  have 
been  completely  left  out.  This  was  the 
case  in  experiments  made  by  the  author 
during  the  sinking  of  the  cylinder  men- 
tioned in  Example  No.  2,  on  the  31st  of 
December,  1868,  and  on  the  2d  and  4th 
of  January,  1869.  If  the  sinking  of  the 
caisson,  in  consequence  of  a  decrease  of 
the  pressure  of  the  air  in  the  interior  has 
begun,  and  the  water  fails  to  enter  into 
the  working  chamber,  the  loss  of  weight 
by  immersion  is  determined  in  two  ways, 
first,  by  multiplying  the  air  pressure  per 
unit  remaining  in  the  interior  of  the 
caisson,  with  the  base  of  the  caisson; 
and  second,  in  assuming  that  the  water 
column  replaced  by  the  sinking  object, 
has  only  a  height  equal  to  the  vertical 
distance  of  the  surface  of  the  clay  from 
the  external  water  level. 

Of  the  two  calculated  results  the  larger 
one  is  considered  to  be  the  buoyancy  or 
loss  of  weight  of  the  immersed  object. 
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and  to  be  deducted  from  the  total  weight 
of  the  latter,  the  difference  being  the 
resistance  of  friction. 

The  third  example  cited  is  an  experi- 
ment made  with  No.  1  column  (right 
bank)  of  the  bridge  over  the  Danube 
near  Stadlau,  on  the  4th  of  January, 
1869.  The  total  weight  of  the  sinking 
column  was  1,305  tons.  The  cylinder 
began  to  sink  when  the  air  pressure  had 
fallen  from  1  atmosphere  to  0.85  atmos- 
phere, and  in  consequence  of  a  further 
escape  of  air  it  gradually  sank  in  one 
minute  18^-  inches.  The  caisson  being 
in  a  layer  of  solid  clay  of  3.73  feet  thick- 
ness before  it  began  to  move,  the,  water 
failed  to  enter  into  the  cylinder. 

The  weight  of  the  displaced  water 
column,  taking  its  height  27.35  feet,  was 
594  tons,  and  the  upper  pressure  of  the 
compressed  air  inside  the  cylinder  was 
625  tons.  Deducting  the  latter  result 
from  the  total  weight  of  the  caisson  the 
frictional  resistance  on  the  surface  of  the 


cylinder  is  678  tons.  The  column  was 
sunk  into  the  soil  to  a  depth  of  18.76 
feet. 

If  the  water  fails  to  enter  into  the 
working  chamber  after  a  complete  escape 
of  the  compressed  air,  the  upward  press- 
ure is  represented  by  the  weight  of  the 
displaced  water,  taking  as  its  height  the 
vertical  distance  of  the  external  water 
level  from  the  water-tight  soil,  and  the 
amount  of  frictional  resistance  is  ob- 
tained by  deducting  this  pressure  from 
the  total  weight  of  the  object. 

The  examples  from  which  the  author 
obtained  his  results  are  recorded  in  a 
series  of  tables,  which  show  clearly  that, 
in  homogeneous  strata,  the  resistance 
per  unit  of  frictional  surface  decreases 
with  the  increasing  dej)th.  From  this  it 
is  to  be  concluded  that  the  density  and 
cohesion  of  these  strata  augment  with 
increasing  depth,  and  therefore  the  press- 
ure upon  the  sides  of  the  column  be- 
comes less  than  in  the  upper  strata. 


MATTERS  AFFECTING  THE  USE  OF  STEEL. 

By  M.  ERNEST  MARCHE. 
Read  before  the  Iron  and  Steel  Institute  at  Pari?. 


(1.)  The  manufacture  of  commercial 
steel  produced  by  the  Bessemer  and  Mar- 
tin-Siemens processes,  and  of  cognate 
articles,  has  been  greatly  developed  of 
late,  more  especially  during  the  last  ten 
years,  on  account  of  the  demand,  on  the 
part  of  railway  companies,  for  steel  rails, 
axles  and  tires,  and,  on  the  part  of  the 
navy,  for  sheet  plates  and  profile  thwarts, 
&c.  This  rapid  increase  in  the  demand  for 
steel  is  the  result  of  the  reduction  of  the 
price  of  manufacture,  and  that  reduction 
is  attributable  to  improved  processes,  as 
well  as  to  the  augmented  power  of  the 
apparatuses  employed;  but,  even  under 
these  circumstances,  so  speedy  a  develop- 
ment would  not  have  been  obtained  had 
not  metallurgists  succeeded  in  producing, 
at  will  and  regularly,  steel  of  a  different 
but  well-defined  nature,  and  had  not  their 
customers  attained,  by  means  of  methodi- 
cal experiments,  to  a  gradually  complete 
knowledge  of  the  physical  properties  of, 
and  the  mode  of  employing,  each  of  the 
steel   productions   in   question.     Whilst 


the  chemical  analysis  constituted  the  in- 
dispensable guide  for  the  choice  of  the 
raw  materials,  as  well  as  for  the  study  of 
the  various  processes,  the  experiments  in 
respect  of  the  elasticity,  malleability  and 
power  of  resistance  of  the  manufactured 
pieces  could  alone  impart  confidence  to 
the  parties  making  use  of  the  articles, 
and  enable  them  to  extend  the  sphere  of 
reasonable  applications  of  commercial 
steels.  The  laboratory  of  the  chemist, 
and  the  machinery  employed  in  the  ex- 
periments, were  of  equal  utility  to  the 
metallurgist  and  the  engineer. 

(2.)  The  researches  as  to  the  physical 
properties  of  the  steels  were  undertaken 
in  three  different  points  of  view.  Very 
numerous  and  beautiful  experiments,  of 
an  eminently  scientific  character,  were 
required  from  the  adepts  in  natural  phi- 
losophy, and  from  learned  men,  and  they 
on  their  part  operating  with  powerful 
apparatuses,  and  availing  themselves  of 
the  most  improved  processes,  whilst  mak- 
ing thorough  and  minute  observations  of 
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all  phenomena,  as  well  as  of  the  strains 
and  the  deformations,  have  been  enabled 
to  lay  before  the  public  very  valuable 
documents,  treating,  as  a  whole,  of  the 
properties  of  steel.  It  is  to  that  class 
of  operations  that  we  are  indebted  for 
the  works  of  Mr.  D.  Kirkaldy,  Mr.  Knut 
Styffe,  Colonel  Bosat,  Professor  Bau- 
schinger,  &c.  In  some  ironworks,  too, 
their  productions  were  subjected  to  a 
serious  examination,  limited,  however,  to 
the  determination  of  certain  character- 
istic properties  (as  compared  with  the 
chemical  composition)  of  the  process  of 
manufacture,  the  degree  of  elaboration, 
&c.  Those  experiments  led  to  the  classi- 
fication of  those  works,  as  exercising  a 
great  influence  on  the  extension  of  in- 
'dustrial  applications,  for  example,  the 
Creusot,  Neuberg,  J.  Cotterill,  Terre 
Noire,  and  other  works — a  classification 
bearing,  for  example,  on  the  question  as 
to  the  quantity  of  carbon  contained,  or 
to  the  resisting  power,  and  the  elonga- 
tions in  regard  to  traction.  Finally,  rail- 
way board  contractors  and  military  and 
naval  authorities  have  prescribed  a  series 
of  different  tests  for  the  articles  ordered 
by  them,  according  to  the  form  and  des- 
tination of  these  articles,  and  the  reports 
that  have  appeared  supply  elements  for 
the  careful  study  of  the  practical  results 
in  a  commercial  point  of  view.  The  Uni- 
versal Exhibition  of  1878  has  already 
served  to  enrich  the  already  valuable  col- 
lection of  the  triple  series  of  experiments 
already  referred  to,  by  enumerating  those 
that  have  been  made  in  regard  of  Swedish 
plates,  by  the  Jernkontoret  (Swedish  Iron 
Association) ;  those  on  the  castings,  irons 
and  steels  of  the  Beschitza  Works  (Hun- 
gary), undertaken  by  Professor  Bau- 
schinger,  and  the  experiments,  mentioned 
in  the  Exhibition  Catalogue,  of  the  Terre 
Noire,  La  Voulte  and  Besiges  Foundries 
and  Ironworks,  as  well  as  the  results  of 
the  experiments  conducted  on  some 
classes  of  steel,  with  variable  ingre- 
dients of  carbon,  manganese,  phosphorus, 
&c. 

(3.)  With  such  valuable  materials  at 
hand,  and  at  the  disposal  of  all  who  take 
an  interest  in  the  questions  now  before 
us,  we  are  enabled  to  institute  useful 
comparisons,  reconcile  several  ojfinions, 
and  dilate  openly  on  a  considerable  niun- 
ber  of  facts  ;  but,  on  the  other  hand, 
when  we  come  to  throw  a  complex  glance 


at  the  ensemble  of  all  those  works,  we  are 
struck  with  the  great  difficulty  of  draw- 
ing several  conclusions,  or  formulating 
mathematical  precise  laws,  the  existence 
of  which,  however,  we  cannot  fail  to  per- 
ceive. With  the  exception  of  carbon,  the 
other  substances,  such  as  manganese, 
phosphorus,  silica,  &c,  do  not  afford  us — 
despite  all  the  experiments  made — any 
exact  notion  as  td  their  respective  action 
on  some  of  the  properties  of  steel. 
Moreover,  and  with  reference  to  the 
determination  of  the  conditions  under 
which  the  experiments  should  be  con- 
ducted, there  still  j)revails  the  greatest 
uncertainty,  on  account  of  the  difficulty 
of  establishing  exactly  the  relation  be- 
tween the  results  of — for  example — a  trac- 
tion experiment  and  the  effects  produced 
on  the  same  metal  by  flexion,  tension,  or 
concession.  If,  when  grouping  together 
the  thousands  of  experiments  made  in 
various  coimtries,  made  by  various  ex- 
perimentators  and  on  steel  produced  in 
various  works,  it  has  been  hitherto  impos- 
sible to  attain  to  any  confirmation  of  the 
laws  connecting  the  physical  properties 
of  steel,  and  admitted  in  the  classification 
of  the  establishments  or  works  producing 
that  article  (laws,  however,  which  many 
enlightened  persons  consider  as  having 
been  prematurely  admitted),  that  impos- 
sibility may  be  chiefly  attributed  to  the 
fact  that  those  experiments  do  not  allow 
of  any  direct  comparison,  and  that,  pre- 
viously to  an  analysis  of  those  results,  it 
would  be  necessary  to  make  some  cor- 
rections, in  order  to  eliminate  the  com- 
plicated causes  which  affect  them — the 
experiments  not  having  been  conducted 
under  strictly  analogous  conditions.  The 
results  of  the  experiments  of  natural  phi- 
losophers— say  in  regard  to  density — are 
referred,  by  way  of  correction,  to  a  like 
atmospheric  pressure  and  to  a  like  tem- 
perature ;  but  all  those  experiments  should 
be  referred  to  a  similar  form  and  size  of 
sample,  to  a  similar  degree  of  elaboration 
of  the  metal,  to  a  similar  molecular  con- 
dition, &c. 

(4.)  It  must  be  admitted,  however,  that 
those  corrections  are  very  difficult  to 
make,  and  that,  in  every  point  of  view, 
it  would  be  preferable  to  bring  about  a 
general  understanding  between  the  ex- 
perimentators,  the  ironworkers  and  the 
engineers,  as  to  the  conditions  of  con- 
ducting everywhere  experiments  capable 
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of  undergoing-  a  direct  comparison.  The 
meeting  of  the  Iron  and  Steel  Institute 
having,  as  it  has,  an  international  charac- 
ter, through  the  presence  of  its  members 
in  Paris,  appears  to  offer  the  most  favor- 
able opportunity  for  laying  down  the 
basis  of  a  programme  comprising  ques- 
tions relating  to  the  resisting  power  of 
steel,  and  the  conducting  of  experiments 
on  general  and  analogous  conditions,  with 
the  view  of  enabling  us  to  institute  com- 
parisons in  respect  to  all  such  experi- 
ments. Without  any  pretension  to  put 
forward  the  exact  form  of  such  a  pro- 
gramme, we  may  be  allowed  to  direct 
attention  to  a  certain  number  of  points 
of  a  nature  (we  think)  to  lead  to  useful 
discussion. 

(5.)  "We  shall  not  stop  to  point  out  the 
first  difficulty  one  meets  with,  in  endeav- 
oring to  compare  the  experiments  made 
in  different  countries,  viz.,  the  varying 
systems  of  measurement,  a  difficulty  which 
necessitates  long  calculations  for  the  re- 
duction of  one  set  of  figures  into  that  of 
another  nation.  That  difficulty  is  cer- 
tainly not  an  obstacle,  but  it  involves  a 
loss  of  time,  which  might  be  avoided  for 
the  future;  and  we  can  only  express  here 
the  hope  that  we  shall  all  shortly  be  able, 
by  adopting  the  metrical  system,  to  ex- 
press in  the  same  figures  the  like  facts 
and  reports. 

(6)  When  one  has  to  proceed  to  the 
investigation  of  the  physical  properties 
of  pieces  or  samples  of  steel  handed  to 
an  experimentator,  it  would  be  necessary 
for  him  to  know,  in  the  first  instance, 
in  order  to  determine  the  nature  of  the 
experiments  to  which  those  pieces  or 
samples  are  to  be  subjected,  whether 
the  object  in  view  is  to  study  the  nature 
and  general  qualities  of  the  steel  per  se, 
or  to  ascertain  how  it  would  act  under 
certain  given  applications.  In  the  form- 
er case  it  would  be  always  necessary  to 
test  previously,  by  traction,  the  cylindi- 
cal  or  rectangular  bars  of  the  section 
and  length  to  be  determined  on.  In  the 
latter  case  the  system  of  experiments 
woidd  depend  on  the  nature  of  the  ap- 
plication itself,  and,  generally  speaking, 
the  flexion  and  the  "shock"  (concussion) 
at  the  flexion  will  form  the  most  useful 
tests. 

We  shall  commence  by  examining  the 
conditions  relative  to  the  traction  ex- 
periments. 


(7)  In  subjecting  to  a  traction  strain  a 
steel  bar  of  given  section  JJ}_  and  of 
length  I,  the  facts  to  be  observed  and 
the  quantities  to  be  determined — if  a 
complete  experiment  is  to  be  made — 
should  the  following: — (1)  During  the 
period  of  perfect  elasticity,  the  observa- 
tion of  the  momentary  elongations  under 
given  loads  will  allow  us  to  determine 
the  coefficient  of  the  module  of  elasticity, 
E.  (2)  When  the  elongations  cease  to 
be  in  proportion  to  the  loads,  then  the 
limit  of  elasticity  is  attained,  load  per 
unity  of  section,  beyond  which  perma- 
nent elongations  are  produced,  L.  (3) 
The  charge  or  load  is  increased  until  the 
rupture  is  produced,  under  a  charge  per 
unity  of  section,  R.  (4)  The  two  por- 
tions of  the  broken  rod  are  brought  to- 
gether, and  the  total  length  is  then 
measured,  deducting  therefrom  the  ori- 
ginal length ;  the  final  elongation  at  the 
rupture  is  then  ascertained,  and  it  is 
generally  expressed  with  regard  to  the 
original  length  by  per  cent.,  a.-  (5) 
Then  measure  also  the  section  taken  by 
the  rod  at  the  point  where  the  rap- 
ture has  occurred.  The  difference  be- 
tween the  original  section  and  the  rup- 
ture section  is  called,  by  Mr.  Kirkaldy, 
the  contraction,  expressed  in  so  much 
per  cent,  of  the  original  section,  but  we 
prefer  explaining  this  phenomenon  of 
the  contraction  of  the  rupture  section  by 
the  relation  which  the  contracted  section 
bears  to  the  original  section — that  is, 
striction  Z.  (6)  By  dividing  the  total 
charge  which  produced  the  rupture,  not 
by  the  primitive  section,  but  by  the  con- 
tracted section,  we  have  the  resistance 

per  unity  of  section  broken  -~~F-  (7)  If, 

in  a  great  number  of  trials,  one  is  con- 
tent to  determine  the  diverse  quantities 
above  mentioned,  it  is  nevertheless  neces- 
sary, in  order  to  have  an  exact  and  com- 
plete knowledge  of  the  nature  of  any 
steel,  to  observe,  in  addition  thereto,  the 
permanent  successive  elongations  made 
Dy  the  bar  under  trial,  imder  increasing 
charges  from  the  one  corresponding  to 
the  limit  of  elasticity  to  the  charge  of 
rupture  or  breaking  load.  The  manner 
in  which  these  elongations  vary,  with  the 
excess  of  charge  on  the  limit  of  elasticity, 
is  ordinarily  represented  by  the  aid  of  a 
"Graphic"  which  gives  the  curve  of  the 
elongations  and  allows  of  the  measure- 
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ment  being  made  of  the  work  of  resist- 
ance to  the  rapture,  of  which  we  speak 
hereafter.  (8)  Finally,  it  is  useful,  in 
order  that  the  test  may  be  complete,  to 
describe  the  exact  form  which  the  bar 
presented  after  the  rupture,  so  as  to  ob- 
serve how  the  elongation  was  divided, 
and  what  is  the  exact  position  of  the 
rupture  section.  We  have  to  make  some 
observations  on  each  of  those  quantities. 

8.    COEFFICIENT  OK  MODULE  OF  ELASTICITY,  E. 

The  modulus  of  elasticity  is  the  rela- 
tion of  the  charge  to  the  elongations, 
produced  during  the  period  of  perfect 
elasticity.  It  is  constant  during  that 
period. 

The  investigation  of  this  coefficient  of 
elasticity  for  castings,  iron  and  steel,  has 
given  rise  to  numerous  experiments,  and 
the  figures  which  have  been  arrived  at 
are  so  unlike  that  they  cannot  be  brought 
together  and  compared,  in  order  to  ascer- 
tain whether,  in  the  special  point  of  view 
which  we  are  now  taking  up,  viz.,  the 
properties  of  commercial  steel,  we  could 
account  for  the  influence  of  the  composi- 
tion and  of  the  purity  of  those  steels  on 
the  manner  in  which  they  act  during  the 
period  of  perfect  elasticity. 

The  modulus  of  elasticity  is  generally 
admitted  at: 

For  castings 10,000,000,000 

"    iron 20,000,000,000 

"    steel 20,000,000,000 

According  to  Renleaux: 

Iron,  in  the  form  of  bars  or  wires,  20,020,000,000 

"    in  thin  plates 24,010,000,000 

Cast-iron 30,005,000,000 

Other  kinds  of  steel 20,020,000,000 

According  to  Kupffer  > 

Flat  iron,  English  rolled 20,010,000,000 

"       "  "        forged 20,232,000,000 

"      "•    Swedish      "     21,341,000,000 

Soft-cast  steel 21,330,000,000 

We  now  give  the  value  of  the  modulus 
of  elasticity  resulting  from  the  trials  made 
by  Knut  Styffe: 
Bessemer  forged  steel  of 

"      Carbon. 
H0060.  .1.265?.  •  21,177,000,000 

1.05  ..  21,515,000,000 

Wikmanshyttan  steel 1 .22  . .  21,949,000,000 

Krupp  "    ....0.61   ..22,046,000,000 

Puddled    rolled  steel  of 

Surahammar 0.56  . .  21,033,000,000 

Lowmoor  puddled  iron.. 0.20  . .  22,480,000,000 

Dudley  "  '■'■   ..0.09   ..19,972,000,000 

Surahammar  "  "  ..0.14  ..21,853,000,000 

"  ..0.20  ..  21,418,000,000 


Hollstahammer  rolled 

iron. 


.0.07 
0.07 


. .  20,357,000,000 

.  21,660,000,000 


These  trials  already  show  us  that  the 
influence  of  the  carbon  is  completely  null 
in  the  elastic  elongations  produced  by 
the  same  changes  or  loads,  the  coefficient 
of  the  elasticity  of  steels  containing  more 
than  1  per  cent,  of  carbon  is  not  superior 
to  that  of  the  irons  of  Motala,  Suraham- 
mar, &c,  which  only  contain  0.07  to  0.2. 

When  it  is  proved,  on  the  other  hand, 
that  the  least  variations  of  the  amount  of 
the  carbon  completely  modify  the  data 
of  the  permanent  deformation,  one  cannot 
but  be  struck  with  the  fact  that  during 
the  period  of  perfect  elasticity,  the  mo 
mentary  elongations  are  independent  of 
the  nature  of  the  metal.  They  appear  to 
be  modified  only  by  the  purity  of  the 
metal,  and  by  the  degree  of  work  to 
which  it  has  been  subjected. 

The  trials  or  tests  of  Mr.  Bauschinger 
on  a  series  of  Fernitz  steels  are  more  con- 
clusive in  that  respect,  because  they  have 
been  made  on  products  of  the  same  ori- 
gin, only  differing  with  regard  to  the 
tenor  of  carbon  and  tested  under  the 
same  form. 

On  the  traction  test  those  steels,  of 
which  the  tenor  of  carbon  varied  from 
0.14  to  0.96,  gave: 


Tenor 

Limit 

Coefficient 

of 

of  Elasticity 

of  Elasticity. 

Carbon. 

per  MM. 

E. 

K. 

0.14 

29.50 

22,550  millions. 

0.19 

33.10 

21,700 

0.46 

34.50 

22,550 

0.51 

34.05 

22,100 

0.54 

34.90 

21,550 

0.55 

33. 

22,200 

0.57 

33.10 

21,600 

0.66 

37.45 

22,450 

0.78 

37.50 

24,700 

0.80 

40.05 

21,500 

0.87 

42.90 

21,850 

0.96 

48.70 
iral  Average 

21,750 

Gem 

22,200 

The  experiments  made  at  Woolwich,  in 
1870,  by  a  Committee  of  Civil  Engineers, 
resulted  in  for  steels  of  various  works  in 
the  limit  of  elasticity  varying  from  26  to 
42ks.  and  the  tenor  of  carbon  of  0.30  to 
0.00  per  cent.,  an  average  coefficient  of 
20,627,000,000,  the  minimum  being  20,160 
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and  the  maximum  21,060.000.000.  Some 
irons  trieel  under  the  same  conditions 
gave  20,092.000,000. 

From  all  those  results,  one  may  con- 
clude that  the  coefficient  of  elasticity  of 
steel,  whatever  may  be  its  hardness, 
varies  only  from  20  to  22,000,000,000. 

Looking  at  those  tests  hi  a  practical 
point  of  view,  we  may  come  to  the  con- 
clusion in  regard  to  the  results,  that, 
although  in  some  particular  cases — for 
example,  in  investigating  the  action  of 
manganese  and  phosphorus — it  would  not 
be  unimportant  to  deduce  some  facts  re- 
lative to  the  modulus  of  elasticity,  never- 
theless that  part  of  the  traction  tests  may 
be  in  general  dispensed  with,  as  being  the 
most  delicate,  the  longest  in  duration, 
and  (on  account  of  the  great  lengths  of 
rod  or  bar  required)  the  most  expensive. 
Consequently,  the  experiments  may  be 
made  on  short  lengths,  and  a  larger  num- 
ber of  tests  obtained,  with  the  same 
quantity  of  steel,  within  the  like  given 
time  and  at  the  like  expense. 

The  experiments  made  by  Professor 
Bauschinger  on  the  steels  of  the  Res- 
chitza  works  (Hungary),  the  results  of 
which,  as  well  as  the  samples  used,  figure 
in  the  exhibition  of  the  Government  Rail- 
ways, Austrian  Company  I.  R.  P.  demon- 
strate how  much  attention  and  time 
would  have  to  be  devoted  for  determin- 
ing certain  points  which  after  all  throw 
no  fresh  light  on  the  properties  of  the 
steels  subjected  to  the  experiments  in 
question,  inasmuch  as  with  respect  to  all 
those  steels,  differing  considerably  as 
they  do  in  regard  to  the  tenor  of  carbon, 
the  module  of  elasticity  is  comprised  be- 
tween 22,400,000,000  or  23,000,000,000. 

We  may  at  once  state  that  Professor 
Bauschinger's  experiments  on  the  Ternitz 
as  well  as  on  the  Reschitza  steels  demon- 
strate likewise  that  the  module  of  elas- 
ticity is  the  same  (whatever  may  be  the 
hardness  of  the  steel)  at  compression  and 
flexion,  and  that  it  is  represented  by  the 
same  figure  as  the  coefficient  of  elasticity 
at  the  traction  test. 

(9)  Limit  of  Elasticity. — If,  dtuing 
the  period  of  perfect  elasticity,  the 
elongations  are  in  proportion  to  the 
lodes  or  charges,  and  disappear  with  the 
action  of  those  lodes,  the  limit  of  elas- 
ticity is  the  equivalent  ("value")  of  the 
last  charge  producing  that  effect;  and 
under  a  heavier  load  than  that  limit  of 


elasticity  there  is  a  permanent   elonga- 
tion. 

But  if  there  be  a  concordance  of  opin- 
ion with  respect  to  the  existence  and  de- 
finition of  that  limit  of  elasticity,  it  is 
otherwise  with  regard  to  the  fixation  of 
its  value,  for — however  exact  arid  correct 
the  instruments  employed — it  is  difficult 
to  determine  the  precise  moment  at 
which  the  state  of  perfect  elasticity  passes 
to  that  of  permanent  deformation.  More 
correctly  speaking,  the  "precise  moment" 
in  question  does  not  exist  with  reference 
to  experiments  on  steel  rods  because,  in 
point  of  fact,  there  is  a  period  of  break 
of  elasticity,  during  which  certain  por- 
tions of  the  rod  or  bar  undergo  perma- 
nent elongations,  whilst  other  portions 
resume  their  original  length. 

On  account  of  the  uncertainty  attend- 
ing the  phenomenon,  it  is  necessary  to 
establish  conventional  rules  for  determ- 
ining the  limit  of  elasticity,  and  as  those 
vary  which  are  adopted  by  the  various 
experimentalists  it  results  that  the  limit 
of  elasticity  observed  in  respect  of  the 
same  kind  of  bar  of  the  same  length — say 
in  England  and  Sweden — will  not  be  the 
same. 

It  is  true  that  "VVertheim  and  other  ex- 
perimenters agree  in  considering,  as  the 
limit  of  elasticity,  the  load  or  charge 
that  produces  a  permanent  elongation, 
equal  to  the  0.00005  of  the  original 
length,  in  other  words — and  with  refer- 
ence to  a  bar  or  rod  of  one  meter — a  per- 
manent elongation  of  five  hundredths  of 
a  millimeter;  but,  on  the  other  hand,  so 
feeble  an  elongation  is  considered  by 
many  experimenters  as  the  possible  effect 
of  accessory  causes,  and  they  are  of  opin- 
ion that  we  cannot  admit  that  the  limit 
of  elasticity  is  exceeded  until  such  time 
as  a  more  clearly  denned  permanent  de- 
formation is  observable;  and  the  exten- 
sion under  heavier  loads  testifies  to  the 
reality  of  the  phenomenon. 

Those  considerations  have  led  to  the 
following  special  definition  by  Mr.  Knut 
Styffe: 

"If  an  iron  or  steel  bar  be  gradually 
extended  by  successive  loads,  which  at 
first  are  so  small  that  they  occasion  no 
permanent  elongation,  but  are  gradually 
increased,  and  are  always  allowed  to 
operate  for  as  many  minutes  as  each  ad- 
ditional weight  is  per  cent,  of  the  whole 
load,  then  the  author  regards  as  the  '  limit 
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in  point  of  fact,  the  primary  manifesta- 
tion of  the  degree  of  hardness  or  of 
malleability  of  a  steel,  and  in  many  cases 
the  basis  of  calculation  of  the  dimensions 
of  the  pieces. 

As,  moreover,  we  have  seen  that  tests 
on  short  bars  are  to  be  preferred,  and 
that  on  short  bars  the  definition  of  Wer- 
theim  cannot  be  applied,  whilst,  on  the 
other  hand,  the  definition  of  Mr.  Knut 
Styffe  appears  to  us  to  give  too  high  a 
quotation  of  figures,  one  can  see  what 
interest  would  be  attached  to  a  plain 
agreement  on  the  subject,  easily  formed 
and  adapted  to  the  tests  of  short  bars. 


of  elasticity '  that  load  by  which,  when  it 

has  been  operating  by  successive  small 

increments  as  above  described,  there  is 

produced  an  increase  in  the  permanent 

elongation  which  bears   a   ratio   to   the 

length  of  the  bar  equal  to  0.01  (or  ap- 
proximates most  nearly  to  0.01)   of  the 

ratio    which    the   increment    of   weight 

bears  to  the  total  load." 

Without  discussing  that  definition,  we 

have  only  to  remark  that,  as  Mr.  Knut 

Styffe,  adhering  to  the  opinion  that  the 

limit  of  elasticity  cannot  be  considered 

to   be   attained   until   we   can   ascertain 

exactly,  and  measure  the  determined  in- 
crements of   the  permanent  elongation, 

he  furnishes  some  estimates  of  the  limits 

of  elasticity  considerably  higher  to  those    ijental     Logarithms.— Some     years 

given  in  Wertheim's  definition.  IV1     about  1863,  Mr.  Oliver  Byrne,  formerly 

The  following  are  a  few  examples  taken   Professor  of  Mathematics  in  the  College  of 

from  thf>  tabular  rlata  of  Mr  TC nut  Stvffe-    Civil    EnSmeers    at    Putney,    discovered    an 

•  entirely  new  and  ingenious  method  of  arith- 
metical calculation  of  great  practical  import- 
ance to  Engineers  and  others,  and  which  was 
claimed  to  enable  any  one  acquainted  with  the 
ordinary  rules  of  common  arithmetic  to  extract 
the  roots  of  cubics,  equations  of  the  fifth 
degree,  and  higher  equations;  to  determine 
angular  magnitude  and  trigonometrical  lines,, 
to  solve  plane  triangles  without  the  use  of 
tables,  and,  generally,  to  deal  with  almost 
innumerable  problems  which  had  previously 
been  considered  to  require  great  mathematical 
skill,  and  an  intimate  acquaintance  with  the 
higher  branches  of  the  science.  But  owing  to 
the  discoverer  having  adopted  a  peculiar  and 
unfamiliar  system  of  notation  in  explaining  the 
art,  many  have  regarded  the  whole  subject  as- 
unintelligible,  if  not  useless.  A  complete 
remedy  for  this  has  now  been  found  by  Mr. 
Edward  David  Hearn,  M.A.,  of  Columbia 
College,  New  York,  whose  name  is  already 
known  to  mathematicians,  as  the  author  of  an 
extension  of  Horner's  method  for  the  synthetic 
division  of  algebraic  quantities  with  detached 
co- efficients,  and  of  an  elucidation  of  Suffield's 
method  of  arithmetical  synthetic  division.  Mr. 
Hearn  contributes  to  the  October  number  of 
Scientific  Review,  an  interesting  paper  on 
"Mental  Logarithms,"  in  which  he  demon- 
strates that  all  the  developments  of  which  Mr. 
Byrne's  art  is  capable,  are  not  only  practicable 
The  difference  is  from  3  to  4  kilos,  in  j  without    any    departure    from    the    ordinary 

irons,  and  amounts  to  22  kilos,  in  the  Arafbic  ™tat1™?  Tw  TiS^  every  scho^ 
'       -.     .     ,     .  _„.,  i.i  i  is    familiar,   but    that  the  common    notation 

very  hard  steel  of  Wikmanshyttan.  j  really  increases  the  speed  at  which  the  calcula  - 

We  only  produce  these  figures  in  order  ;  tions  on  the  new  system  can  be  performed. 

to  show  the  necessity  which  would  exist  I  _.       „  „,,_,., 

,>         •   ■  ,  /    -,  ,         ,     i   A  tjstrian  Gun  Experiments. — Ihe  Budset 

of  arriving  at  a  mutual  agreement  as  to  ;  ^  Committee  of  the  Austrian  Delegation  have 
the  fixation  of  the  limit  of  elasticity,  and  I  rejected  the  items  of  1,712,000  florins  proposed 
how  imperative  it  is  in  all  cases  that  in  for  the  adaptation  of  the  "Werndl  rifles  to 
the  publication  of  the  series  of  trials  the  ]  stronger  cartridges,  250,000  florins  for  experi- 

method  of  estimating  that  useful  value  !  ments  ^SSSlS^^T 
i       ,  ,  ,  .        j       p  i  guns,  and  200  000  lloi'ins  for  providing  twenty  - 

Should  be  pointed  out.  ...     j  five    heavy    guns  for  arming    forts  and    for 

The  value  of  the  limit  of  elasticity  is,  |  repairs  in  fortresses. 
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WATER-PRESSURE   MACHINERY  EMPLOYED  FOR  WATER 

SUPPLY. 

Bt  c.  krober. 

From  "  Der  Praktische  Maschinenconstructeur,"  Abstracts  published  by  the  Institution  of  Civil  Engineers. 


The  water  supply  of  Siginaringen 
Castle,  the  residence  of  Prince  Charles 
Antony  of  Hohenzollern,  was  formerly 
obtained  from  a  source  on  the  left  bank 
of  the  Danube  by  means  of  pumps  driven 
by  a  water- wheel.  Owing  to  the  imper- 
fect construction  of  the  machinery  and 
the  limited  power,  the  water  could  not  be 
raised  to  the  upper  storeys  of  the  build- 
ings. Improved  machinery  was  there- 
fore erected  in  October,  1876,  the  Roman 
tower,  situated  about  the  centre  of  the 
castle,  being  chosen  as  the  most  con- 
venient place  for  the  reservoir. 

The  highest  water  level  of  this  reser- 
voir was  183.5  feet  above  that  of  the 
source,  and  about  203  feet  above  the 
Danube.  The  quantity  of  water  required 
to  be  lifted  per  second  was  0.408  gallon, 
and  the  total  quantity  of  water  supplied 
by  the  source  10.867  gallons  per  second ; 
thus  there  remained  for  the  motor  10.867 
-  0.408  =  10.459  gaUons.  The  fall  from 
the  level  of  the  source  to  the  discharge 
of  the  proposed  water  motor  was  13.1 
feet.  Taking  the  resistance  of  friction 
in  the  existing  pressure  pipe  (of  4  inches 
diameter  and  2,450  feet  length)  as  equi- 
valent to  a  loss  of  height  of  about  9.8 
feet,  the  effective  work  to  be  done  by  the 
machinery  was  0.408  X  10  X  193.3  =  788.6 
foot  lbs. 

The  available  water  power  10.46  X 
10  X  13.1  =  1370  foot  lbs.  The  ma- 
chinery was  therefore  required  to  utilize 
788  fi 

.,„  '     X  100  =  57i  per  cent,  of  the  avail- 
1370  2  x 

able  water  power. 

The-  application  of  a  turbine  with  in- ! 
termecliate  gearing  would  have  occasioned  ; 
a  loss  of  effect  amounting  to  at  least 
40  per  cent. ;  a  water-wheel  would  only 
have  lost  about  32  per  cent.  Adding  to 
this  a  loss  of  effect  of  15  per  cent,  by 
the  pumps,  the  effect  of  the  whole  ma- 
chinery was  estimated  at  55  'per  cent. 
These  considerations  induced  the  en- 
gineer to  use  direct-acting  water-pressure 
machines,  and  although  these  had  pro- 


i  bably  not  yet  been  applied  for  so  small  a 

'head   of  water  (13  feet;,  no  doubt  was 

j  entertained  as  to  their  superiority  over 

J  turbines  or   water-wheels.     Experiments 

I  on  the  loss  of  effect  arising  from  friction 

j  of  the  pistons  and  from  other  sources, 

were  made  by  Messrs.  Sulzer  Brothers, 

and  the  result  justified  them  in  under- 

j  taking  the  construction  of  the  machines 

under  guarantee  to  lift  0.408  gallon  of 

I  water   per   second   into   the  high    level 

!  reservoir  with  the  available  water  power. 

To  enable  repairs  being  made  without 
a  complete  interruption  of  the  water 
supply,  the  machinery  was  constructed 
in  duplicate.  The  machines  were  ar- 
ranged horizontally,  the  punips  were 
single-acting  plunger  jDiunps,  the  piston 
rods  of  the  motor  serving  as  plungers  of 
the  pumps.  By  attaching  the  pump 
cylinders  immediately  to  the  covers  of 
the  central  or  pressure  cylinder,  only  one 
stuffing  box  was  required  on  each  side  of 
the  motor  to  separate  the  two  water 
spaces. 

The  starting  of  the  machinery  com- 
pletely justified  the  expectations  of  the 
engineer.  The  measurements  and  ex- 
jDeriments  made  by  him  showed,  that  for 
the  normal  work  it  was  necessary  to 
throttle  the  headwater,  and  that  the  re- 
quired quantity  of  0.408  gallon  could 
be  pumped  into  the  reservoir  by  9.8  gal- 
lons of  water  at  a  pressure  correspond- 
ing to  a  height  of  10.66  feet.  Taking 
again  the  resistance  of  friction  in  the 
tubes  as  equivalent  to  a  loss  of  height  of 
9  "8  feet,  the  machines  utilize 


0.408x193.3 
9.8x10.66 


X  100  =  75 


per  cent,  of  the  consumed  water  power. 

The  indicator  diagrams  taken  from 
the  pumps  as  well  as  from  the  pressure 
cylinder,  showed  a  perfect  uniformity  of 
pressiu-e.  The  pressure  pistons  have  1 
foot  3^-|-  inches,  and  the  pump  pistons 
3£  inches  diameter.  The  stroke  is  3.3 
feet. 
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THE  STRENGTH  OF  MATERIALS. 

By  WILLIAM  KENT,  M.E.,  Pittsburgh,  Pa. 

Written  for  Van  Nostrand's  Magazine. 

II. 


COMPEESSIBLE    STRESS. 

A  compressive  stress,  or  push,  applied 
to  a  piece  of  material  is  a  force  which 
tends  to  shorten  it.  In  testing  the  com- 
pressive resistance  of  metals  or  other 
materials,  testing  machines  similar  to 
those  used  in  tests  of  tensile  resistance 
are  used,  or  the  tensile  machine  may  be 
adapted  to  compressive  tests  by  means 
of  a  couple  of  yokes  or  like  mechanical 
device. 

What  is  meant  by  the  term  "compress- 
ive strength"  has  not  yet  been  settled  by 
the  authorities,  and  there  exists  more 
confusion  in  regard  to  this  term  than  in 
regard  to  any  other  used  by  writers  on 
strength  of  materials.  The  reason  of 
this  may  be  easily  explained.  The  effect 
of  a  compressive  stress  upon  a  material 
varies  with  the  nature  of  the  material, 
and  with  the  shape  and  size  of  the 
specimen  tested.  While  the  effect  of  a 
tensile  stress  is  always  to  produce  rup- 
ture or  separation  of  particles  in  the 
direction  of  the  line  of  strain,  the  effect 
of  a  compressive  stress  on  a  piece  of 
material  may  be  either  to  cause  it  to  fly 
into  sj)linters,  to  separate  into  two  or 
more  wedge-shaped  pieces  and  fly  apart, 
to  bulge,  buckle  or  bend,  or  to  flatten 
out  and  utterly  resist  rupture  or 
separation  of  particles.  A  piece  of  spec- 
ulum metal  under  compressive  stress  will 
exhibit  no  change  of  appearance  until 
rupture  takes  place,  and  then  it  will  fly 
to  pieces  almost  as  suddenly  as  if  blown 
apart  by  gTurpowder.  A  piece  of  cast  iron 
or  of  stone  will  generally  split  into  wedge- 
shaped  fragments.  A  piece  of  wrought 
iron  will  buckle  or  bend.  A  piece  of 
wood  or  of  zinc  may  bulge,  but  its  action 
will  depend  upon  its  shape  and  size.  A 
piece  of  lead  will  flatten  out  and  resist 
compression  till  the  last  degree ;  that  is, 
the  more  it  is  compressed  the  greater 
becomes  its  resistance. 

Air    and    other    gaseous    bodies    are 

compressible  to  any  extent,  as  long  as 

they     retain     the     gaseous     condition. 

Water,  not  confined  in  a  vessel,  is  com- 
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pressed  by  its  own  weight  to  the  thick- 
ness of  a  mere  film,  while  when  confined 
in  a  vessel  it  is  almost  incompressible. 
It  is  probable,  although  it  has  not  been 
determined  experimentally,  that  solid 
bodies  when  confined  are  at  least  as 
incompressible  as  water.  When  they 
are  not  confined,  the  effect  of  a  com- 
pressive stress  is  not  only  to  shorten 
them,  but  also  to  increase  their  lateral 
dimensions  or  bulge  them.  Lateral 
strains  are  therefore  induced  by  com- 
pressive stresses. 

The  weight  per  square  inch  of  original 
section  required  to  produce  any  given 
amount  or  percentage  of  shortening  of 
any  material  is  not  a  constant  quantity, 
but  varies  with  both  the  length  and  the 
sectional  area,  with  the  shape  of  this 
sectional  area,  and  with  the  relation  of 
the  area  to  the  length.  The  "compress- 
ive strength"  of  a  material,  if  this  term 
be  supposed  to  mean  the  weight  in 
pounds  per  square  inch  necessaiy  to 
cause  rupture,  may  vary  with  every  size 
and  shape  of  specimen  experimented 
upon.  Still  more  difficult  would  it  be  to 
state  what  is  the  "compressive  strength" 
of  a  material  which  does  not  rupture  at 
all,  but  flattens  out.  Suppose  we  are 
testing  a  cylinder  of  a  soft  metal  like 
lead,  two  inches  in  length  and  one  inch 
in  diameter,  a  certain  weight  will 
shorten  it  one  per  cent.,  another  weight 
ten  per  cent.,  another  fifty  per  cent.,  but 
no  weight  that  we  can  place  upon  it  will 
rupture  it,  for  it  will  flatten  out  to  a  thin 
sheet.  What  then  is  its  compressive 
strength?  Again,  a  similar  cylinder  of 
soft  wrought  iron  would  probably  com 
press  a  few  per  cent.,  bulging  evenly  all 
around,  it  would  then  commence  to 
bend,  but  at  first  the  bend  would  be 
imperceptible  to  the  eye  and  too  small  to 
be  measured.  Soon  this  bend  would  be 
great  enough  to  be  noticed,  and  finally 
the  piece  might  be  bent  nearly  double, 
or  otherwise  distorted.  What  is  the 
"compressive  strength"  of  this  piece  of 
iron?     Is  it  the  weight  per  square  inch 
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which  compresses  the  piece  one  per 
cent.,  or  live  per  cent.,  that  which  causes 
x  the  first  bending  (impossible  to  be  dis- 
covered), or  that  which  causes  a  "per- 
ceptible" bend? 

So  confusing  is  this  whole  matter  of 
compressive  strength  that  there  is 
scarcely  a  single  published  figure  on  the 
compressive  strength  of  wrought  iron 
that  can  be  relied  upon.  Wood's  resist- 
ance of  materials  has  the  following: 

"Comparatively  few  experiments  have 
been  made  to  determine  how  much 
wrought  iron  will  sustain  at  the  point  of 
crushing.  Hodgkinson  gives  65,000, 
Kondulet  70,800,  Weisbach  72,000,  Ran- 
kine  30,000  to  40,000.  It  is  generally 
assumed  that  wrought  iron  will  resist 
about  two-thirds  as  much  crushing  as  to 
tension,  but  the  experiments  fail  to  give 
a  very  definite  ratio." 

Mr.  Whipple,  in  his  treatise  on  bridge 
building,  states  that  a  bar  of  good 
wrought  iron  will  sustain  a  tensile  strain 
of  about  60,000  pounds  per  square  inch, 
and  a  compressive  strain,  in  pieces  of  a 
length  not  exceeding  twice  the  least 
diameter,  of  about  90,000  pounds. 

In  a  "Pocket  Companion"  of  tables 
appertaining  to  the  use  of  wrought  iron, 
published  by  Carnegie  Bros.  &  Co.,  of 
Pittsburgh,  the  following  values  are 
given  in  a  table  of  crashing  strength  of 
materials,  said  to  be  deduced  from  the 
experiments  of  Major  Wade,  Hodgkin- 
son, and  Capt,  Meigs : 

American  wrought  iron,         127,720  lbs. 
«  "  "  mean    83,500    " 

Jimgnsn  j  40,000    " 

On  the  page  next  after  this  table  is  the 
following : 

"Experiments  upon  wrought  iron  give 
a  mean  crushing  stress  .[strength]  of 
74,250  lbs.  per  square  inch." 

When  the  best  authorities  differ  so 
widely  in  their  views  of  the  compressive 
strength  of  wrought  iron,  can  it  be 
wondered  that  engineers  have  so  long 
hesitated  to  use  the  material  in  com- 
pression, and  that  when  they  do  use  it 
they  dare  not  use  it  with  economy?  If 
the  United  States  Board  appointed  to 
test  Iron  and  Steel,  which  seems  to  be 
about  to  close  its  labors  for  want  of  an 
appropriation  to  continue  them,  were  to 
do   nothing   else   than   investigate    this 


matter  of  the  compressive  strength  of 
wrought  iron,  and  establish  rules  govern- 
ing its  use  to  resist  compressive  forces  in 
structures,  they  woidd  confer  a  benefit 
on  the  country  and  the  world  which 
woiild  be  worth  ten  times  tbe  amount  of 
the  appropriation  necessary  for  the  whole 
work. 

Stoney  states  that  the  strength  of 
short  pillars  of  any  given  material,  all 
having  the  same  diameter,  does  not  vary 
much,  provided  the  length  of  the  piece  is 
not  less  than  one,  and  does  not  exceed 
four  or  five  diameters,  and  that  the 
weight  which  will  just  crush  a  short 
prism  whose  base  equals  one  square  inch, 
and  whose  height  is  not  less  than  1  to  1^ 
and  does  not  exceed  4  or  5  diameters,  is 
called  the  crushing  strength  of  the 
material.  It  would  be  well  if  experi- 
menters would  all  agree  upon  some  such 
definition  of  the  term  "  crashing 
strength,"  and  insist  that  all  experi- 
ments which  are  made  for  the  purpose 
of  testing  the  relative  values  of  different 
materials  in  compression  be  made  on 
specimens  of  exactly  the  same  shape  and 
size.  An  arbitrary  size  and  shape  should 
be  assiuned  and  agreed  upon  for  this 
purpose.  The  size  mentioned  by  Stoney 
is  definite  as  regards  area  of  section;  viz: 
one  square  inch,  but  is  indefinite  as  re- 
gards length;  viz:  from  1  to  5  diame- 
ters. In  some  metals  a  sj)ecimen  of  5 
diameters  long  would  bend,  and  give  a 
much  lower  apparent  strength  than  a 
specimen  having  a  length  of  1  diameter. 
The  words  "will  just  crash"  are  also 
indefinite  for  ductile  materials,  in  which 
the  resistance  increases  indefinitely  if 
the  piece  tested  does  not  bend.  In  such 
cases  the  weight  which  causes  a  certain 
percentage  of  compression,  as  five,  ten, 
or  fifty  per  cent,  should  be  assumed  as 
the  crushing  strength. 

For  future  exj^eriments  on  crushing 
strength,  three  things  are  desirable ; 
first,  an  arbitrary  standard  shape  and 
size  of  test  specimen  for  comparison  of 
all  materials;  secondly,  a  standard  limit 
of  compression  for  ductile  materials, 
which  shall  be  considered  equivalent  to 
fracture  in  brittle  materials;  thirdly,  an 
accurate  knowledge  of  the  relation  of  the 
ci-ushing  strength  of  a  specimen  of 
standard  shape  and  size  to  the  crushing 
strength  of  specimens  of  all  other  shapes 
and    sizes.      The    latter    can     only    be 
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secured  by  a  very  extensive  and  accurate 
series  of  experiments  upon  all  kinds  of 
materials,  and  on  specimens  of  a  great 
number  of  different  shapes  and  sizes. 
Hodgkinson  has  been  the  chief  experi- 
menter in  this  direction,  but  his  re- 
searches have  not  been  nearly  so  exten- 
sive as-  to  give  us  all  the  desirable 
information  on  this  point.  A  standard 
size  for  compression  tests,  and  a  stand- 
ard limit  of  compression,  assumed  equiv- 
alent to  fracture,  have  never  yet  been 
agreed  upon  and  have  probably  never 
«ven  been  proposed. 

The  writer  proposes,  as  a  standard 
shape  and  size  for  a  compressive  test 
specimen  for  all  materials,  a  cylinder 
one  inch  in  length,  and  one  half  square 
inch  in  sectional  area,  or  0.798  inch 
diameter;  and  for  the  limit  of  compres- 
sion equivalent  to  fracture,  ten  per  cent, 
of  the  original  length.  The  term  "com- 
pressive strength,"  or  "  compressive 
strength  of  standard  specimen,"  would 
then  mean  the  weight  per  square  inch 
required  to  fracture  by  compressive  stress 
a  cylinder  one  inch  long  and  0.798  inch 
■diameter,  or  to  reduce  its  length  to  0.9 
inch  if  fracture  does  not  take  place  before 
that  reduction  in  length  is  reached.  If 
such  a  standard,  or  any  standard  size 
whatever,  had  been  used  by  the  earlier 
authorities  on  the  strength  of  materials, 
we  never  would  have  had  such  discrepan- 
cies in  their  statements  in  regard  to  the 
compressive  strength  of  wrought  iron  as 
those  given  above 

The  reasons  why  this  particular  size  is 
recommended  are,  that  the  sectional  area, 
one  half  square  inch,  is  as  large  as  can  be 
taken  in  the  ordinary  testing  machines  of 
100,000  pounds  capacity,  to  include  all 
the  Ordinary  metals  of  construction,  cast 
and  wrought  iron  and  the  softer  steels  ; 
and  that  the  length,  one  inch,  is  conven- 
ient for  calculation  of  percentage  of  com- 
pression. If  the  length  were  made  two 
inches  many  materials  would  bend  in 
testing,  and  give  incorrect  results.  Even 
in  cast  iron,  Hodgkinson  found  as  the 
mean  of  several  experiments  on  various 
grades,  tested  in  specimens  f  inch  in 
height,  a  compressive  strength  per 
square  inch  of  94,730  pounds,  while  the 
mean  of  the  same  number  of  specimens 
of  the  same  irons  tested  in  pieces  \\ 
inches  in  height,  was  only  88,800 
pounds.      The   best   size   and   shape  of 


standard  specimen  should,  however,  be 
settled  upon  only  after  consultation  and 
agreement  among  several  authorities. 
The  United  States  Board  appointed  to 
test  Iron,  Steel,  etc.,  or  the  American 
Society  of  Civil  Engineers  might  easily 
fix  upon  such  a  standard. 

After  fixing  upon  a  standard  test 
piece,  by  which  all  materials  might  be 
compared,  tests  shotdd  be  made  of  all 
sizes  and  shapes  other  than  the  standard, 
to  determine  what  relation  existed  be- 
tween their  apparent  strength  per  square 
inch  and  that  of  the  standard.  When 
these  results  were  obtained  and  formu- 
lated, a  test  might  be  made  of  any  mate- 
rial of  any  shape  and  size,  and  by  applying 
the  formulae  of  reduction,  the  "compress- 
ive strength  of  standard  specimen"  be  pre- 
dicted, and  from  the  latter  could  be  cal- 
culated the  strength  of  any  shape  and 
size  which  it  might  be  proposed  to  use  in 
a  structure. 

Some  of  the  results  already  obtained 
in  the  direction  of  determining  the  rela- 
tion of  length  and  diameter  to  apparent 
compressive  strength  will  now  be  given ; 
taken  chiefly  from  Wood's  Kesistance  of 
Materials. 

As  above  stated,  in  Hodgkinson's 
experiments  the  increase  of  the  length  of 
test  specimens  decreased  the  apparent 
compressive  strength  per  square  inch 
from  94,730  to  88,800  pounds. 

Fairbank  and  Tate,  in  testing  small 
cubes  and  cylinders  of  glass,  found  a 
compressive  strength  for  the  cubes  of 
18,401  and  for  the  cylinders  of  30,153 
pounds  per  square  inch. 

Hodgkinson,  in  experiments  on  long 
square  pillars,  found  that  the  compress- 
ive strength  varied  as  the  3.59  power  of 
the  side  of  the  square,  as  a  mean  result ; 
the  extremes  being  the  2.69  and  the  4.17 
powers.  From  his  experiments,  the 
following  table  of  the  absolute  strength 
of  columns  was  obtained,  in  which 

P= crushing  weight  in  gross  tons. 

rf=the  side  of  the  column  in  inches,  or 
external  diameter. 

(?j=the  internal  diameter   of  the  hol- 
low, hi  inches. 

/  =the  lenerth  in  feet. 
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Kind  of  column. 

Solid  cylindrical  columns  ) 
of  cast  iron j 

Hollow    cylindrical    col- 
nmns  of  cast  iron  .... 


Solid  cylindrical  columns") 
of  wrought  iron j 


Both  ends  rounded  the 

length  of  the  column 

exceeding  15  times  its 

diameter. 

r73.76 


P=13 


tf  3.76 _tf  3.76 


/I- 


•73.76 
P=42- 


Solid    square 
Dantzic  oak. 


pillar 


oil 
•J 


The  above  formulas  apply  only  in  cases 
in  which  the  length  is  so  great  that  the 
column  breaks  by  bending  and  not  by 
simple  crushing.  If  the  column  be 
shorter  than  that  given  in  the  table,  and 
more  than  four  or  five  times  its  diameter, 
the  strength  is  found  by  the  following 
formula : 

w    P0K 


in  which 


"P  +  fCK 


P=the  value  given  in  the  preceding 
table. 

K=the  transverse  section  of  the  col- 
umn in  square  inched. 

C=the  modulus  for  crushing  in  gross 
tons  per  square  inch. 

W=the  strength  of  the  column  in 
gross  tons. 

The  "modulus  of  crushing"  is  defined 
by  Prof.  Wood  as  "the  pressure  which  is 
necessary  to  crush  a  piece  of  any  materi- 
al whose  section  is  unity  and  whose 
length  does  not  exceed  from  one  to  five 
times  its  diameter" — a  very  indefinite 
quantity,  as  already  shown  in  the  case  of 
wrought  iron ! 

Prof.  Wood  states  that  it  is  found  by 
experiment  that  the  resistance  of  short 
pieces  (blocks)  to  crushing  varies  nearly 
as  the  transverse  section  of  the  piece. 
Gen.  Gill  more,  however,  in  experiments 
on  stone,  found  that  the  strength  per 
square  inch  of  section  of  cubes  of  differ- 
ent sizes  varied  nearly  as  the  cube  root 
of  the  side  of  the  cube. 

In  some  experiments  made  by  Mr.  J. 
Tangye  on  the  compressive  strength  of 
wrought  iron,  a  bar  of  soft  Lowmoor 
iron,  8  or  9  inches  long,  was  planed  on 
opposite  sides  to  a  thickness  of  f  inch, 


£oth  ends  flat,  the 

length  of  the  column 

exceeding  30  times  its 

diameter. 

,73.55 

P=44.16 


P=44.34 


#.55_c?3.55 


,73.55 

P=133.75-V- 


P  =  10.95 


I2 


and  subjected  to  pressure  on  one  side 
under  a  steel  die  £  inch  square.  The 
following  are  the  results  of  the  tests,  and 
they  prove  clearly  that  a  unit  of  iron  has 
a  much  greater  power  of  resistance  when 
it  forms  pari  of  a  large  mass  than  when 
it  is  isolated  in  the  manner  customary  in 
experiments  on  compression: 

Load  per  square  inch. 

20  tons,  no  impression. 

24  "  slightest  indentation,  sensible 
to  finger  nail. 

28  "  indentation  visible,  edge  fol- 
lowed by  finger  nail. 

40      "     indented  about  -Jyth  of  an  inch. 

These  experiments  certainly  throw  a 
doubt  upon  the  statement  that  the  resist- 
ance of  short  pieces  varies  as  the  trans- 
verse section. 

Got -doris  Rules  for  Flexible  Columns. 
(From  Clark). — The  first  and  second 
formulas  given  below  were  deduced  by 
Lewis  D.  Gordon,  from  the  results  of 
Hodgkinson's  experiments.  As  here 
given,  they  show  the  total  breaking 
weight  of  a  cast  iron  column.  The  suc- 
ceeding formulas  for  strength  of  columns 
of  wrought  iron  and  steel  were  con- 
structed on  the  basis  of  Gordon's  formu- 
la by  the  authorities  named. 

For    solid   or   hollow    round    cast    iron 


columns  W= 


36a 


"l  +  - 


For  solid  or  hollow  rectangular  cast  iron 
36a 


columns  W= 


^  500 


For     solid     rectangular     wrought    iron 
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columns  W  = 


jL6o_ 
1  +  - 


(Stoney). 


For   columns  of   angle,  tee,  channel,  or 

19a 

cruciform  iron  W= -5-  (Unwin). 

1  +  - 

^900 

For  solid  round   column  of   mild   steel 


~  1400 


(Baker). 


For  solid  round  column  of  strong  steel 
51a 


W=- 


1  + 


(Baker). 


900 


For 


solid  rectangular  column  of  mild 
30a 


steel  W= 


1+2* 

^24S0 


(Baker). 


For 


solid  rectangular  column  of  strong 
51a 


steel  W= r 

l  +  ~ 

T160u 


(Baker). 


In  these  formulas  W=t'he  breaking 
weight  in  tons  of  2240  lbs.,  a = sectional 
area  of  the  material  in  square  inches,  r= 
the  ratio  of  the  length  to  the  diameter, 
the  diameter  being  the  least  dimension 
of  the  section  or  that  in  which  it  is  most 
flexible. 

The  pocket  book  of  Carnegie  Bros.  & 
Co.  (mentioned  above)  gives  a  formula 
for  the  strength  of  wrought  iron  col- 
umns, based  upon  Gordon's  formula  as 
follows : 

FA 

4500  V^/ 

in  which  W= breaking  load  in  pounds, 
F= 36000  pounds,  A— sectional  area  of 
column  in  square  inches,  £=its  length  in 
inches,  and  A=its  diameter  in  inches. 

A  similar  pocket  book,  by  the  Phcenix 
Iron  Co.,  of  Philadelphia,  gives  the 
formula  in  this  shape : 


2: 


W 


FA 


1  +  - 


3000 


ar 


in  which  F= 50000  pounds. 

The  following  example  will  show  the 
discrepancies  in  results  obtained  by 
these  two  formulas  and  the  one  of 
Stoney: 


Given  a  wrought  iron  column  one  inch 
square  in  section  and  ten  inches  long. 
Required  its  breaking  weight? 


A=l   square  inch,     -j 


:10. 


:10. 


}6xln  =15.489    tons=34,695   lbs. 


l4-JL0_q_ 
36000x1 


(Stoney). 
v=  36000X1    =  .    .    35218  lbs 

-*-  ~t~  4~5  o  o 

(Carnegie  Bros.  &  Co). 

50000X1         

1  4-100 
■••T300 

(Phoenix  Iron  Co). 

showing  a  difference  of  nearly  40  per 
cent,  between  the  lowest  and  highest 
results.  The  columns  of  a  building 
which  were  designed  with  the  use  of  one 
of  these  formulas  might  cost  40  per  cent, 
more  than  if  designed  with  the  use  of 
another. 

Enough  has  now  been  given  to  show 
that  our  knowledge  of  the  subject  of 
compressive  strength  is  very  indefinite 
and  unreliable.  The  greatest  necessity 
exists  for  a  comprehensive  series  of 
experiments  which  shall  serve  as  a 
standard  for  reference  and  comparison. 
Such  experiments  would  be  too  costly  to 
be  undertaken  by  any  individual,  and  as 
the  matter  is  of  national  importance,  it  is 
well  worthy  the  attention  of  the  govern- 
ment. 

In  making  experiments  upon  com- 
pressive strength,  Wen  greater  care  is 
required  than  in  experiments  on  tensile 
strength.  In  tensile  tests,  the  tendency 
of  a  ductile  specimen  is  always  to  pull 
into  the  line  of  strain,  and  this  to  some 
extent  (but  not  entirely)  corrects  the 
error  caused  by  wrongly  placing  the 
piece  in  the  testing  machine.  In  com- 
pressed tests  the  tendency  is  just  the  re- 
verse ;  the  effect  of  a  push  is  always  to 
cause  the  piece  to  tend  to  bend  out  of 
the  line  of  strain,  and  this  can  only  be 
prevented  by  having  the  line  of  strain 
pass  exactly  through  the  axis  of  the 
specimen.  The  test  specimen  should, 
therefore,  be  placed  in  the  machine  with 
the  utmost  accuracy,  care  should  be  taken 
that  the  bearing  of  the  piece,  on  the  com- 
pression blocks  is  a  true  one.  and  that  in 
pulling  or  pushing  together  the  compres- 
sion blocks  they  shall  have  no  tendency 
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to  move  sidewise  or  in  any  other  direc- 
tion than  that  of  the  line  of  strain. 

TRANSVERSE    STRESS. 

Tests  by  transverse  stress  are  in  gen- 
eral much  more  easily  made  than  tests  by 
either  tensile  or  compressive  stress.  An 
elaborate  testing  machine  is  not  neces- 
sary. The  bar  or  beam  to  be  tested  is 
placed  on  two  supports,  which  are  a 
measured  distance  apart  and  perfectly 
level,  and  weights  applied  to  the  middle 
till  the  piece  breaks.  Steel  rollers  are 
frequently  used  for  supports,  rolling  on 
a  horizontal  plane  and  kept  a  constant 
distance  apart  during  the  test.  The  use 
of  rollers  obviates  the  error  due  to 
friction  of  the  bar  upon  the  snpports 
when  the  latter  are  fixed. 

In  testing  bars  which  require  consid- 
erable weight  to  break  them,  some  me- 
chanical appliance  has  to  be  used  to  as7 
sist  in  placing  the  weights  on  the  bar 
without  shock.  A  testing  machine,  de- 
signed for  transverse  tests  alone,  built  by 
Messrs.  E.  &  T.  Fairbanks  &  Co.  for  the 
Mechanical  Laboratory  of  the  Stevens 
Institute  of  Technology,  consists  of  an 
ordinary  platform  scale,  with  a  heavy 
timber  foundation,  carrying  a  heavy  cast 
iron  beam  with  two  cast  iron  supports 
which  may  be  placed  any  distance  apart 
up  to  five  feet.  The  bar  to  be  tested 
rests  on  rollers,  and  the  pressure  is  ap- 
plied by  means  of  a  screw.  This  ma- 
chine was  largely  used  in  the  experiments 
on  strength  of  alloys,  made  by  the  United 
States  Board  appointed  to  test  iron,  steel, 
etc.,  and  a  complete  description  of  it  will 
appear  in  the  report  on  these  tests  when 
published.  It  has  been  used  up  to  7,000 
pounds  pressure,  and  it  will  test  bars  up 
to  five  feet  in  length.  Measurements  of 
deflection  are  made  to  the  l0^,00  of  an 
inch  by  means  of  the  micrometer  screw 
apparatus,  with  electrical  contact,  which 
was  described  under  the  head  of  tensile 
tests.  By  this  machine  and  measuring 
apparatus  very  important  scientific  re- 
sults have  been  obtained  in  reference  to 
the  effect  of  time  upon  tests,  in  elevating 
the  elastic  limit  and  in  causing  increase 
of  deflection  and  decrease  of  set,  which 
are  described  at  length  by  Prof.  Thurston 
in  the  Transactions  of  the  American 
Society  of  Civil  Engineers,  1875  and 
1876. 

The  new  40,000  pound  tensile  testing 


machines,  built  by  Riehle  Bros,  of  Phila- 
delphia, have  attachments  by  which 
transverse  tests  may  be  made  on  bars  12 
inches  in  length  between  supports,  and 
the  new  100,000  pound  machine  of  John 
L.  Gill,  Jr.,  of  Pittsburgh,  has  a  trans- 
verse attachment  that  will  take  a  bar  of 
any  length  from  10  to  40  inches.  The 
manufacturers  of  wrought  iron  beams 
have  had  tests  made  and  published  in 
their  "  pocket  books  of  information  "  on 
the  transverse  strength  of  their  beams,, 
the  results  of  which  tests  may  in  general 
be  relied  on  for  practical  purposes- 
There  exists  no  such  discrepancy  in 
published  figures  of  transverse  strength 
of  beams  as  that  which  has  been  shown 
to  exist  in  figures  of  the  compressive 
strength  of  columns. 

In  recording  results  of  transverse 
tests,  it  is  important  sometimes  to  note 
the  time  taken  in  the  tests.  A  remarka- 
ble instance  of  the  increase  of  apparent 
strength  of  wrought  iron,  by  keeping  it 
under  strain  for  three  weeks,  has  already 
been  noted  in  discussing  the  influence  of 
time  ujDon  tensile  tests.  Bars  of  tin  and 
of  ductile  alloys  will  show  a  much  less 
transverse  strength  if  considerable  time 
is  taken  in  testing  than  if  the  test  is 
made  rapidly,  while  the  reverse  is  true  in 
tests  of  wrought  iron  and  soft  steel. 

The  effect  of  time  in  a  transverse  testr 
varies  according  to  the  method  of  testing. 
In  testing  by  dead  loads  the  load  re- 
mains constant,  and  if  the  bar  is  strained 
beyond  its  elastic  limit  the  deflection 
may  increase  with  time.  This  increase 
of  deflection  may  continue  for  several 
minutes  or  for  several  days  and  then  en- 
tirely cease ;  or  it  may  continue  with  in- 
creasing rapidity  until  the  bar  breaks  or 
bends.  In  Prof.  Thurston's  tests  by 
transverse  stress  some  curious  phe- 
nomena have  been  observed.  The  rate 
of  increase  of  deflection  in  some  instances^ 
grew  smaller  and  smaller  for  several 
hours,  then  for  a  while  it  remained  con- 
stant, and  then  increased  till  the  bar 
broke.  It  would  appear  as  if  there  was 
a  certain  definite  deflection  for  each  ma- 
terial, after  passing  which  a  continuance 
of  the  load  which  caused  it  will  increase 
the  deflection  indefinitely,  at  an  increas- 
ing rate,  until  bending  or  rupture  takes 
place,  but  that  before  that  deflection  is 
reached  the  rate  of  increase  of  deflection 
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will  be  a  decreasing  one,  tending-  to  a 
cessation  of  that  increase. 

In  testing  by  a  pressure  screw  and 
platform  scale,  or  similar  testing  ma- 
chine, the  action  of  a  dead  load  is  imi- 
tated only  when  the  machine  is  so  oper- 
ated as  to  keep  the  scale  beam  constantly 
balanced,  the  deflection  meanwhile  in- 
creasing, as  the  pressure  screw  requires 
to  be  advanced  to  keep  the  beam  bal- 
anced. If  the  pressure  screw  is  not  ad- 
vanced, and  the  deflection  is  therefore  held 
constant,  the  bar  will  exhibit  a  decrease 
.of  resistance  to  that  deflection,  which 
decrease,  in  every  ductile  and  non-elastic 
material,  will  continue  with  a  decreasing 
rate  until  the  deflection  has  become  a 
permanent  set,  and  the  scale  beam  in- 
dicates no  resistance  at  all;  in  elastic 
materials  the  decrease  of  resistance  will 
soon  cease,  and  the  bar,  acting  like  a 
perfect  spring,  will  keep  the  scale  beam 
balanced  at  a  figure  somewhat  below 
that  indicating  the  load  which  primarily 
caused  the  deflection.  In  a  perfectly 
elastic  material,  as  hard  steel  or  glass, 
no  decrease  of  resistance  (or  only  a  very 
slight  one)  takes  place.  The  study  of 
these  phenomena  opens  an  interesting 
and  almost  unexplored  field  of  physical 
research. 

A  standard  size  and  shape  of  test 
specimen  would  be  desirable  for  trans- 
verse tests,  but  it  is  not  so  necessary  as 
in  compressive  or  tensile  tests,  since  the 
relation  existing  between  the  dimensions 
of  bars  and  both  their  ultimate  strength 
and  deflection  under  loads  has  been  de- 
teitnined,  both  mathematically  and  by 
experiment.  The  strength  of  bars  of 
rectangular  section  is  found  to  vary  di- 
rectly as  the  breadth  of  the  specimen 
tested,  as  the  square  of  its  depth,  and  in- 
versely as  its  length.  The  deflection 
under  any  load  varies  approximately  as 
the  cube  of  the  length,  and  inversely  as 
the  breadth  and  as  the  cube  of  the  depth. 
Represented  algebraically,  if  S=the 
strength  and  D  the  deflection,  I  the 
length,  b  the  breadth,  and  d  the  depth. 

b  vanes  as  — -  and  D  varies  as  7-7*. 
I  bd 

For  the  purpose  of  redticing  the 
strength  of  pieces  of  various  sizes  to  a 
common  standard  the  term  modulus  of 
rupture  (represented  by  R)  is  used.  Its 
value  is  obtained  by  experiment  on  a  bar 


of  rectangular  section  supported  at  the 
ends  and  loaded  in  the  middle  and  sub- 
stituting numerical  values  in  the  follow- 
ing formula 

VI 
R—  4  7  w  m  which 

i  bd1 

P=the  breaking  load  in  pounds,  /=the 
length  in  inches,  b  the  breadth,  and  d 
the  depth. 

The  modulus  of  rupture  is  sometimes 
defined  as  the  strain  at  the  instant  of 
rupture  upon  a  unit  of  the  section  which 
is  most  remote  from  the  neutral  axis  on 
the  side  which  first  raptures.  This  defi- 
nition, however,  is  based  upon  a  theory 
which  is  yet  in  dispute  among  authori- 
ties, and  it  is  better  to  define  it  as  a 
numerical  value  found  by  application  of 
the  formula  above  given. 

Knowing  the  value  of  R  for  any  ma- 
terial the  weight  necessary  to  break  a 
beam  of  that  material,  loaded  in  any  of 
the  ways  specified  below  may  be  found 
from  the  following  formulas : 

For  a  beam  fixed  at  one  end  and  a 
load  P  at  the  other 


P=4 


Hbd2 


(1) 


The  same  beam  with  a  load  W  uniformly 
distributed  over  the  length 

*W=*S£  ft 

Beam  supported  at  its  ends  and  loaded  in 
the  middle 

*=l  ^  (3) 

Beam  supported  at  its  ends  and  loaded 
miiformly 

Beam  fixed  at  both  ends  and  loaded  in 
the  middle 


P_4^ 
3      I 


(5) 


Beam  fixed  at  both  ends  and  loaded  uni- 
formly 

P=  ™*.  (6) 

These  fornmlas  are  all  deduced  mathe- 
matically (see  Wood's  Resistarfce  of  Ma- 
terials) and  are  confirmed  by  experiment, 
except  the  last  two,  in  which  it  seems  that 
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the  mathematical  investigation  has  not  in- 
cluded all  the  conditions,  for  Mr.  Barlow 
found  by  experiment  that  equation  (5) 

should  be  P=— — . 

The  value  of  R  for  any  material  de- 
pends upon  the  tensile  and  the  compress- 
ive strength,  and  if  these  (per  square 
inch)  are  not  equal  it  is  always  greater 
than  the  one  and  less  than  the  other.  In 
testing  a  beam  by  transverse  stress 
(supported  at  the  ends)  the  upper  side 
is  compressed  and  the  lower  side  is  ex- 
tended, the  surface  located  at  some 
position  between  the  compressed  and  ex- 
tended sides,  which  receives  no  strain, 
being  called  the  neutral  axis,  or  neutral 
surface. 

The  strength  of  beams  of  other  than 
rectangular  section,  the  deflection  of 
beams  of  various  shapes  and  sizes,  the 
relation  existing  between  transverse 
strength  and  tensile  and  compressive 
strength,  and  many  other  interesting 
branches  of  the  subject  of  transverse 
strength  are  treated  of  at  great  length  by 
various  authorities,  but  the  limits  of  this 
paper  will  not  allow  of  more  than  a  mere 
mention  of  them  here.  A  recent  work 
entitled  "Transverse  Strain,"  by  R.  G. 
Hatfield,  is  an  invaluable  book  for  archi- 
tects and  others  interested  in  the  subject 
of  which  it  treats,  who  are  not  profes- 
sional engineers.  Various  theories  of 
the  relation  between  transverse  strength 
and  tensile  and  compressive  strength  are 
found  in  works  on  resistance  of  ma- 
terials. A  theory  on  this  subject  is  given 
by  the  writer  in  a  note  published  in  Van 
Nostrand's  Magazine,  October,  1877. 

SHEARING    STBESS. 

Shearing  stress  is  a  force  tending  to 
draw  one  part  of  a  solid  substance  over 
another  part  of  it;  the  applied  and 
resisting  forces  acting  in  parallel  planes 
which  are  very  near  to  each  other.  It 
acts  like  a  pair  of  shears.  Materials 
under  a  variety  of  circumstances  are 
subjected  to  this  stress — as  rivets  in 
riveted  plates,  pins  and  bolts  in  spliced 
joints,  beams  subjected  to  transverse 
stress,  bars  which  are  twisted,  and  in 
short  all  pieces  which  are  subjected  to 
any  kind  ef  distorsive  stress  in  which  all 
parts  are  not  equally  strained.  Shearing 
may  take  place  in  detail,  as  when  plates 
or  bars  of  iron   are  cut  with  a  pair   of 


shears,  when  only  a  small  portion  is 
operated  upon  at  a  time:  or  it  may  be 
done  so  as  to  bring  into  action  the  whole 
section  at  a  time,  as  in  the  process  of 
punching  holes  into  metal,  where  the 
whole  convex  surface  of  the  hole  is 
supposed  to  resist  uniformly.* 

The  total  resistance  to  ultimate  shear- 
ing, when  all  parts  of  the  resisting  sur- 
face are  brought  into  action  at  once,  is 
found  to  vary  directly  as  the  section. 
The  experiments  on  large  sections,  how- 
ever, have  not  been  sufficiently  numer- 
ous to  make  this  certain  for  all  cases. 
From  a  table  of  shearing  strength  of 
various  metals,  given  in  Good's  "  Resist- 
ance  of  Materials,"  on  the  authority  of 
various  experimenters,  it  appears  that 
the  shearing  strength  of  wrought  iron  is 
about  the  same  as  its  tenacity,  of  cast 
steel  it  is  a  little  less  than  its  tenacity, 
of  cast  iron  it  is  double  its  tenacity  and 
about  |  its  crushing  resistance,  and  of 
copper  it  is  about  §  its  tenacity.  Clark 
considers  that  the  shearing  strength  of 
wrought  iron  may  be  taken  at  about  4  of 
its  tenacity.  Clark  also  gives  the  follow- 
ing: "Rankine  states  that  the  shearing 
strength  of  cast  iron  is  12.37  tons  per 
square  inch;  Stoney  found  by  experi- 
ment, that  it  varied  from  8  to  9  tons  per 
square  inch.  Both  may  be  correct,  as 
cast  iron  is  very  variable  in  tensile 
strength.  It  is  probable  that  its  shear- 
ing resistance  is  by  reason  of  its  compar- 
ative incompressibility  equal  to  its  direct 
tensile  resistance." 

Engineer-in-Chief,  William  H.  Shock, 
U.  S.  N.,  found  that  the  shearing  resist- 
ance of  ordinary  round  bar  iron  of  com- 
merce averaged  17.81  tons,  or  39894 
pounds  per  square  inch,  on  bolts  of  from 
^  inch  to  1  inch  diameter. 

M.  C.  Little  found  the  resistance  to 
shearing  by  parallel  cutters  of  bars  3 
inches  by  ^  inch  and  1  inch  thick,  and  to 
piinching  1  and  2  inch  holes  through 
bars  ^,  1  and  1^-  inches  thick,  varied 
from  19  to  22.35  tons  per  square  inch  of 
area  cut. 

In  view  of  the  conflicting  statements 
given  above,  it  may  well  be  supposed 
that  our  knowledge  on  the  subject  of 
shearing  resistance  is  almost  as  indefinite 
as  that  of  compressive  resistance.  Some 
light  is  thrown  upon  the  reason  of  the 


*  Wood's  "  Kesistance  of  Materials." 
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discrepancies  by  the  following  fact,  taken 
from  Clark : 

"Oak  treenails  firmly  held,  of  from  1 
to  If  inch  diameter,  were  found  by  Mr. 
Parsons  to  have  a  shearing  strength  of 
about  two  tons  per  square  inch  of 
section.  For  the  development  of  so 
much  resistance,  Rankine  deduces  that 
the  planks  Connected  by  the  treenails 
shordd  have  a  thickness  of  at  least  three 
times  their  diameter.  Treenails  of  If 
inches    diameter  in  a  three   inch  plank, 


bore  only  1.43  tons  per  square  inch,  and 
in  a  six  inch  plank  1.73  tons." 

Here  it  is  plainly  shown  that  the 
strength  of  the  treenail  depended  not 
only  on  its  diameter,  but  also  on  the  bear- 
ing it  had  in  the  plank,  and  it  seems 
almost  certain,  therefore,  that  the  varying 
firmness  of  the  bearings  used  by  differ- 
ent experimenters  has  been  the  cause-  of 
the  discrepancies  in  their  results.  The 
following  illustration  may  show  how 
different  results  might  be  obtained  on 
the  same  piece  of  iron : 


Fig.  6. 


A  represents  a  case  of  true  double 
shearing.  The  iron  bolt  is  being  sheared 
off  directly  in  the  lines  of  the  sliding 
surfaces  aa'  and  bb\  the  sliding  plates 
being  of  hardened  steel  with  true 
comers.  Test  B  might  appear  exactly 
like  test  A  to  the  ordinary  observer  if 
the  bending,  which  is  exaggerated  in  the 
cut,  were  very  slight.  The  only  differ- 
ence here  is,  that  the  sliding  plates  are 
of  soft  iron,  and  the  bolt  fits  itself  to  a 
bearing  along  the  lines  cc',  and  the  result 
is  a  combination  of  tensile,  shearing  and 
bending  stresses.  It  would  be  impossi- 
ble to  say  fro'm  such  a  test  as  this,  what 
the  actual  shearing  strength  of  the  bolt 
would  be.  C  represents  a  case  of  single 
shearing  in  which  plates  of  soft  iron  are 
used  with  a  similar  effect  to  that  shown 
in  B,  but  still  worse.  The  dotted  line 
shows  that  the  line  of  strain  of  the  test- 
ing machine  is  at  an  angle  to  the  line  of 
sliding,  which  further  complicates  the 
result. 

A  committee  of  the  American  Railway 


Master  Mechanics'  Association,  made  the 
following  experiments  on  riveted  plates : 
Six  pieces  If  inches  wide  and  ylg  inch 
thick,  cut  from  the  same  sheet,  were 
punched  and  riveted  together  with  the 
best  f  inch  rivets,  one  rivet  to  each  pair, 
with  the  following  results : 

lbs. 
No.  1  broke  in  center  line  of  bole  under  17,828 
No.  2  "  "  "  "        17,828 

No.  3  "  "  "  "        17.148 


The  average  breaking  strain  being     17,599 

Six  pieces,  duplicates  of  those  last 
mentioned,  were  drilled  and  riveted 
together,  one  §  inch  rivet  to  each  pair. 

No.  1  sheared  the  rivet  under  17,143  lbs. 
No.  2  "  "  16,457    " 

No.  3  "  "  15,438    " 


The  average  shearing  strain  being  16,342 

Prof.  "Wood  remarks  concerning  these 
tests,  that  "it  is  evident  that  drilled 
holes  cause  the  rivets  to  be  sheared  more 
easily  than  punched  ones."  If  these  sets 
of  tests  are  considered  as  tests  of  the 
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strength  of  £  inch  rivets,  the  latter  set 
show  the  rivets  to  have  an  average 
strength  of  16.342  pounds,  or  53,231 
pounds  per  square  inch,  while  the  former 
shows  their  average  to  be  more  than 
17,599  pounds,  or  57,326  pounds  per 
square  inch.  Different  methods  of  test- 
ing, therefore,  give  different  results. 
Which  is  the  correct  method?  And  how 
many  tests  of  which  the  results  are 
published  were  made  by  the  correct 
method? 

The  writer  is  not  aware  that  any 
standard  method  of  making  tests  of 
shearing  strength,  or  standard  size  of 
test  specimens,  has  ever  been  proposed. 
For  testing  the  transverse  shearing 
strength  of  bolts  and  rivets,  the  use  of 
the  double  shearing  plates,  shown  at  A 
Fig.  6,  is  probably  the  best  method ;  the 
plates  being  made  of  hardened  steel,  and 
the  holes  drilled  in  them  just  large 
enough  to  allow  the  bolt  to  enter  with  a 
sliding  fit.  The  best  thickness  of  the 
plates  or  the  relation  of  thickness  to  the 
diameter  of  the  holes  would  have  to  be 
determined  by  experiment  before  the 
proper  standard  could  be  fixed,  as  the 
tests  of  treenails  by  M.  Parsons,  above 
mentioned,  show  that  the  thickness  of 
the  bearing  has  an  influence  upon  the  re- 
sults. As  it  is  not  entirely  certain  that 
the  resistance  of  various  sections  of  the 
same  material  to  shearing  stress  is  ex- 
actly proportional  to  the  area  of  section, 
experiments  to  determine  the  relation  of 
shearing  resistance  to  area  of  section  and 
determine  the  best  size  and  shape  for  a 
standard  test  specimen  are  needed,  in 
order  that  the  results  obtained  by  differ- 
ent experimenters  may  be  compared. 

It  has  been  stated  above  that  in  the 
process  of  punching  metal  the  "whole 
convex  surface  of  the  hole  is  supposed  to 
resist  uniformly."  This  is  probably  true 
only  in  punching  thin  plates.  In  punch- 
ing bars,  blocks  or  nuts  whose  thickness 
exceds  the  diameter  of  the  punch,  it  is 
found  that  the  punch  may  be  entered  in- 
to the  upper  side  of  the  metal  a  consid- 
erable distance  before  the  lower  side  of 
the  plate  shows  any  signs  of  being 
strained.  This  was  plainly  shown  in 
some  experiments  on  piuiching  made  by 
Mr.  David  Townsend,  published  in  the 
Journal  of  the  Franklin  Institute,  for 
March,  1878.  In  these  experiments 
rectangular  blocks  of  iron  If  inches  thick 


were  punched  only  partly  through,  and 
then,  after  withdrawing  the  punch  and 
planing  away  one-half  of  the  metal  to  a 
plane  passing  through  the  axis  of  the 
hole,  it  was  found  that  the  effect  of  the 
partial  piuiching  was  to  crowd  the  por- 
tion of  metal  displaced  by  the  punch 
into  those  portions  beneath  and  around 
the  hole,  but  that  when  the  punch  had 
not  entered  more  than  half  the  thickness 
of  the  block  the  fibers  of  the  metal  at  the 
bottom  of  the  block  appeared  to  be  unin- 
fluenced in  any  way  by  the  punching.  It 
seems  evident  from  these  experiments 
that  the  resistance  to  punching  is  not 
simply  resistance  to  shearing,  but  is 
compounded  with  compressive  resistance, 
and  that  the  convex  surface  of  the  hole 
therefore  does  not  resist  uniformly  and 
simultaneously,  but  to  some  extent  in 
detail,  or  one  portion  after  the  other. 

It  would  appear  probable,  also,  that  in 
shearing  large  bolts,  or  large  sections  of 
any  kind,  that  the  whole  section  may  not 
resist  simultaneously.  If  this  is  the  case 
large  sections  would  show  a  less  apparent, 
shearing  strength  per  square  inch  than 
small  sections.  The  relation  of  resistance 
to  section  may  also  vary  with  the  nature 
of  the  material. 

It  is  plain  that  the  subject  of  shearing 
strength  is  a  complex  one,  and  further 
experiments  are  required  to  render  our 
knowledge  upon  it  at  all  definite  and  re- 
liable. 

TORSIONAL    STRENGTH. 

A  torsional  stress  applied  to  a  piece  of 
material  is  a  force  that  tends  to  turn  or 
twist  it.  In  all  cases  in  which  a  force  is 
applied  at  one  point  on  a  shaft  to  turn  it,, 
and  there  is  a  resisting  force  at  another 
point,  the  shaft  is  subjected  to  torsional 
strain.  The  wheel  and.  axle  is  an  exam- 
ple. To  produce  torsion  without  bend- 
ing, a  couple,  whose  axis  coincides  with 
the  axis  of  the  piece,  must  be  applied  to 
it.  If  only  a  single  force  is  applied,  the 
result  is  a  combined  bending  and  twist- 
ing. A  hand-wheel,  operated  by  two 
hands  placed  exactly  ojrposite  on  the 
rim,  and  each  hand  exerting  the  same 
effort  to  turn  the  wheel,  is  an  example  of 
the  application  of  a  couple.  A  hand- 
wheel  operated  by  only  one  hand  on  the 
rim  is  an  example  of  the  application  of  a 
combined  bending  and  twisting  force. 

A   torsional   stress   tends   to  break  a 
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piece  by  combined  shearing  and  tensile 
stresses.  In  twisting  a  rope,  for  in- 
stance, it  is  plainly  seen  that  rupture 
will  take  place  by  tension  of  the  fibers. 
In  twisting  certain  metals,  such  as  soft 
steel,  the  piece  appears  to  break  chiefly 
by  shearing,  the  fracture  being  a  com- 
paratively plane  surface,  perpendicular 
to  the  axis  of  the  piece. 

The  exact  relation  between  torsional 
strength  and  tensile  and  shearing  strength 
has  not  yet  been  determined,  but  ap- 
proximate theoretical  relation  may  be 
derived  mathematically,  and  still  closer 
approximations  to  the  true  relation  may 


be  obtained  by  experiment.  The  rela- 
tion varies  with  the  ductility  of  the  ma- 
terial. In  a  material  which  is  perfectly 
elastic  until  rapture  the  resistance  of 
each  fiber  varies  directly  as  its  distance 
from  the  axis  of  the  piece.  In  a  ma- 
terial which  is  very  ductile,  the  final  re- 
sistance of  each  fiber  is  nearly  the  same, 
whatever  its  distance  from  the  axis  of 
the  piece.  Of  two  pieces  of  metal  of  the 
same  size  and  the  same  tensile  and  shear- 
ing strength,  the  one  which  is  the  more 
ductile  will  offer  the  greater  resistance  to 
torsion. 

Resistance  to  torsion  is  expressed  in 


nmiin  i  m  1 1 1  inn  i 


Fig.  7. 


terms  of  moment,  or  force  multiplied  by 
distance,  as  foot  pounds.  The  amount 
of  force  P  necessary  to  twist  the  head  off 
the  bolt  shown  in  the  cut,  will  depend 
upon  the  distance  from  the  axis  of  the 
bolt  at  which  the  force  P  (or  the  couple 
PP')  is  applied  to  the  wrench  handle. 
If  it  is  applied  at  two  feet,  from  the  axis, 
it  will  take  only  half  as  much  force  as  if 
it  is  applied  at  one  foot  from  the  axis, 
but  the  product  of  pounds  into  feet,  or 
"foot  pounds,"  will  be  the  same. 

The  resistance  to  torsion  of  a  cylinder 
of  any  material,  varies  as  the  cube  of  its 
diameter.  A  demonstration  of  this  fact 
may  be  found  in  Wood's  "  Resistance  of 
Materials,"  page  208.  The  following 
formulas  are  given: 

Ta=^7tJr3,  for  brittle  materials      (1) 
Pa=j|7rjy,  for  ductile  materials     (2) 

in  which  P  is  the  force  applied  at  the 
distance  a,  the  product  Pa  being  the 
moment,  usually  expressed  in  foot 
pounds,  n  equals  3.1416,  r  is  the  radius 
of  the  cylinder,  and  J  the  modulus  of 
torsion,  a  quantity  which  is  found  by 
experiment,  and  varies  with  each  materi- 
al. Formula  (1)  is  based  on  the  suppo- 
sition that  the  resistance  of  each  fiber 
varies  directly  as  its  distance  from  the 


center,  and  formula  (2)  on  the  supposi- 
tion that  the  resistance  of  each  fiber  is 
the  same.  Both  formulas  are  deduced 
mathematically,  by  processes  which  may 
be  found  in  Wood's  "Resistance." 

In  experiments  on  cylindrical  speci- 
mens, to  obtain  merely  the  torsional 
strength  of  a  material,  the  quantity  Pa 
is  found,  and  from  the  result  of  the 
experiment  the  quantity  ^7tJ  (or  §7rJ)  is 
calculated,  which  is  the  strength  of  a 
piece  of  one  inch  radius  or  two  inches- 
diameter.  Having  this  quantity,  or 
modulus,  the  strength  of  any  cylindrical 
piece  of  the  same  material  is  found  by 
multiplying  the  modulus  by  the  cube  of 
the  radius. 

Prof.  R.  H.  Thurston  has  recently 
invented  a  testing  machine  which  de- 
termines the  strength,  ductility,  re- 
silience and  homogeneity  of  materials  by 
torsional  strain.  A  complete  description 
of  this  machine,  with  an  account  of  re- 
sults obtained  by  it  may  be  found  in  a 
paper  by  the  inventor,  published  in  the 
Journal  of  the  Franklin  Institute  in 
1874.*  The  principal  features  of  the 
machine  which  recommend  its  adoption 
for  general  use  are,  its  extreme  simplicity 


*  Tan  Nostran&s  Magazine,  Vol.  XI. 
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and  cheapness,  its  convenience  of  opera- 
tion and  its  autographic  registry.  By 
the  latter  a  strain  diagram  is  inade, 
which  shows  the  resistance  of  the  mate- 
rial at  every  instant  of  the  test.  The 
value  of  the  graphic  method  of  recording 
tests  has  already  been  shown,  in  treating 
of  tests  by  tensile  stress,  and  the  auto- 
matic graphic  record  of  this  machine  is 
especially  valuable,  as  it  is  more  accurate 
than  any  plotted  diagram. 

The  autographic  record  of  a  torsional 
test  of  any  material  is  almost  precisely 
similar  to  a  strain  diagram  made  by 
plotting  the  results  of  a  tensile  test,  as 
shown  in  the  plate  given  with  the  discus- 
sion of  tensile  stress,  page  48  ;  but  the 
vertical  distances  of  any  point  of  the 
curve  from  the  base  line  represent  foot 
pounds  of  moment,  and  the  horizontal 
distances  from  a  vertical  line  at  the 
origin  represent  angles  of  torsion.  As 
in  the  plotted  diagrams  the  vertical 
distances  indicate  strength,  the  hori- 
zontal distances  ductility,  the  inclination 
of  the  initial  portion  of  the  curve  from 
the  vertical  is  a  measure  of  the  coefficient 
of  elasticity,  the  point  at  which  the  curve 
begins  to  bend  toward  the  horizontal 
marks  the  limit  of  elasticity,  the  area 
included  between  the  curve  and  the  base 
line  measures  the  work  done  upon  the 
specimen  in  breaking  it,  or  the  resilience, 
and  the  regularity  of  the  curve  indicates 
the  homogeneity  of  the  material.  The 
strength  expressed  in  foot  pounds  of 
moment,  has  a  direct  relation  to  the 
tensile  strength,  varying  somewhat  with 
different  kind  of  material,  and  when  this 
relation  is  known,  the  distance  of  the 
curve  from  the  base  line  is  a  measure  of 
tensile  strength  with  a  sufficient  approx- 
imation to  correctness  for  nearly  all 
practical  purposes.  The  ductility,  ex- 
pressed in  the  angle  of  torsion,  has  a 
direct  relation  to  the  extension  of  the 
exterior  fibres  of  the  specimen,  depend- 
ing upon  the  size  of  the  latter,  hence  the 
angle  of  torsion  is  a  measure  of  exten- 
sion. It  is  thus  seen  that  a  test  by 
torsional  stress  of  any  material  can  be 
made  to  give  a  record  of  all  the  qualities 
which  render  it  available  in  construction. 
This  is  done  by  Prof.  Thurston's  machine 
with  the  utmost  convenience  and  accu- 
racy. The  writer  has  made  several 
hundred  tests  with  this  machine  and  can 
therefore  speak  from  experience.     It  is 


now  in  use  in  several  manufacturing 
establishments  and  institutions  of  learn- 
ing. A  torsion  machine,  somewhat  sim- 
ilar to  that  of  Prof.  Thurston,  but  lacking 
the  feature  of  automatic  registry,  has  been 
invented  by  W.  E.  Woodbridge,  M.  D. 
It  was  used  by  the  inventor  in  an  extens- 
ive series  of  experiments  on  steel  wire, 
the  results  of  which,  with  a  plate  and 
description  of  the  machine,  are  given  in 
a  report  by  him  to  the  government.* 
The  writer  is  not  aware  that  this  machine 
has  been  used  by  other  experimenters, 
but  it  appears  to  be  well  designed,  and 
capable  of  doing  accurate  work. 

RESISTANCE  TO  CONTINUED  AND  TO  REPEATED 
STRESSES,  TO  SUDDEN  SHOCKS  AND  TO 
VIBRATIONS. 

The  preceding  discussions  have  chiefly 
had  relation  to  the  strength  of  materials 
as  determined  by  tests  of  limited  dura- 
tion, and  in  which  the  stress  is  usually 
applied  gradually  or  without  suddenness, 
and  repeated  but  a  few  times,  if  at  all. 

The  conditions  to  which  materials  of 
construction  are  subjected  when  in  actual 
use  are  quite  different  in  some  respects 
to  those  in  which  the  test  specimen  is 
subjected.  They  have  to  endure  uniform 
strains  through  many  years,  or  many 
centuries,  as  in  buildings;  uniform 
strains  with  variable  strains  and  sudden 
shocks  at  intervals,  as  in  bridges  ;  rapidly 
recurring  strains  of  different  kinds  re- 
peated millions  of  times,  as  in  recipro- 
cating parts  of  machinery;  incessant 
tremors  and  vibrations,  as  in  railroad 
cars ;  and  sometimes  every  variety  and 
combination  of  all  of  these. 

As  it  is  manifestly  impossible  to  sub- 
ject a  material  to  a  test  which  shall  fulfill 
all  the  conditions  of  actual  use,  it  is  de- 
sirable to  know  what  relation  exists  be- 
tween the .  resistance  of  each  variety  of 
material  used  in  construction  to  steady 
strain  applied  for  a  limited  period,  to  its 
resistance  to  continued  or  repeated 
stresses,  to  sudden  shocks,  and  to 
tremors  or  vibrations.  Thus  questions 
like  these  may  arise  :  If  a  rod  of  iron 
one  inch  square  in  section  will  resist  a 
steady  pull  of  50,000  pounds  for  one 
hour  or  one  day  without  breaking,  what 
steady  pull  will  it  resist  without  breaking 


*  "Report  on  the  Mechanical  Properties  of  Steel,  chiefly 
with  reference  to  Gun  Construction  on  the  Woodbridge 
system."  By  W.  E.  Woodbridge,  M.D.  Appendix  P.  to 
the  report  of  the  Chief  of  Ordnance.    Washington,  1875. 


THE   STRENGTH   OF   MATERIALS. 


141 


for  a  hundred  years  ?  What  load  will  it 
resist  for  a  hundred  years  if  one-half  the 
load  is  gradually  placed  on  and  taken  off 
the  rod  a  certain  number  of  times  each 
day  1  What  load  will  it  resist  if  applied 
suddenly?  What  load  will  it  resist  if 
the  suddenly  applied  load  is  repeated  a 
number  of  times,  say  a  million  or  a  bil- 
lion times?  .What  load  will  it  resist  if 
the  load  falls  a  certain  number  of  feet 
before  striking  ?  What  load  will  it  resist 
if  this  load  falls  a  certain  distance  a 
certain  number  of  times  ?  These  and  a 
hundred  similar  questions  might  be  asked 
concerning  this  one  rod  of  iron,  and  the 
same  might  be  asked  of  rods  of  all  kinds 
of  material  and  of  all  sizes. 

The  field  of  inquiry  here  presented  is 
almost  illimitable,  but  it  is  an  eminently 
practical  one.  Materials  of  construction 
are  used  every  day  which  are  subjected 
to  just  such  various  conditions  as  those 
above  mentioned,  but  the  only  knowledge 
we  have  concerning  the  resistance  of 
these  materials  is  that  derived  from  tests 
of  small  specimens  for  a  limited  time, 
and  that  derived  from  observations  of 
materials  in  use  under  similar  circum- 
stances. On  some  of  these  points  our 
knowledge  is  already  definite  enough  for 
all  practical  purposes.  Thus  it  is  safe  to 
assume  that  a  stone  pillar,  resting  on  a 
stone  foundation,  that  supports  a  certain 
load  for  one  day  will  support  it  for  a 
thousand  years ;  if  the  elements  do  not 
destroy  the  stone ;  as  the  pyramids  of 
Egypt  and  the  columns  of  Greece  appear 
as  strong  to-day  as  they  were  when  they 
were  erected.  They  are  living  witnesses 
of  the  strength  of  the  materials  that 
compose  them.  The  endurance  of  iron 
under  similar  circumstances  may  be  con- 
sidered still  a  disputed  question.  If 
50,000  pounds  will  break  a  bar  in  a  test 
taking  a  limited  time,  45,000  pounds  may 
break  it  if  applied  long  enough,  but  it 
may  not.  It  is  reasonably  certain  that 
there  is  some  weight  less  than  50,000 
pounds  which  it  will  sustain  indefinitely, 
but  it  is  also  certain  that  a  very  much 
less  weight  than  this  will  break  it  if  it  is 
repeatedly  applied  and  removed. 

Koebling,  in  his  report  on  the  Niagara 
railroad  bridge*  states  that  he  found 
that  the  iron  in  the  old  Monongahela 
bridge,  after  thirty  years'  service  was  in 

*  Journal  Franklin  Institute,  1860,  Vol.  LXX,  p.  361. 


such  good  condition  that  he  used  it  in 
the  new  bridge.  He  also  found  that  the 
iron  in  another  bridge,  over  the  Allegheny 
river,  was  in  good  condition  after  forty- 
one  years  of  service.  On  the  other  hand, 
iron  rods  used  in  stiffening  the  frames  of 
some  Ohio  river  steamboats  have  been 
found  to  break  after  less  than  ten  years 
service,  and  on  inspecting  the  broken 
rods  they  were  found  to  be  brittle  and 
worthless  throughout,  although  they 
were  of  excellent  quality  when  put  into 
the  frames. 

Resistance  to  Continued  Steady  Stress. 
— The  question  of  the  endurance  of  iron 
and  other  materials  under  steady  stress 
is,  as  has  been  stated  above,  still  a  dis- 
puted one,  and  the  records  of  experi- 
ments bearing  upon  the  subject  are 
somewhat  conflicting.  The  results  of  the 
experiments  of  Vicat,  which  showed  that 
an  iron  wire  loaded  to  three  fourths  of 
its  ultimate  strength  broke  after  remain- 
ing loaded  for  thirty-three  months,  seems 
to  be  at  variance  with  the  results  obtain- 
ed by  later  experimenters;  which  show 
that  iron  offers  an  increased  resistance  to 
steady  stress  with  time.  A  full  discus- 
sion of  this  subject  would  extend  this 
paper  to  an  unreasonable  length,  but  the 
conclusions  to  which  the  writer  has  come, 
after  reviewing  a  vast  amount  of  the  work 
of  recent  authorities,  may  be  briefly  ex- 
pressed thus: 

Each  material  has  a  certain  limit  of 
strength  (not  the  initial  elastic  limit,  but 
usually  beyond  it)  toithin  which  limit  it 
will  endure  a  steady  stress  indefinitely  / 
but  any  stress  which  causes  it  to  jjciss  this 
limit  will,  if  continued  long  enough,  cause 
it  to  rupture.  The  exact  limit  for  each 
material  has  yet  to  be  determined  by 
experiment,  but  it  is  probable  that  with 
glass,  hard  steel,  cast  iron,  and  all  brittle 
materials,  the  limit  is  but  little  short  of 
the  point  of  rupture,  and  that  these 
materials  will  endure  indefinitely  a  strain 
which  is  almost  sufficient  to  cause  rup- 
ture. With  materials  like  lead,  tin,  or 
other  soft  and  ductile  materials,  it 
appears  that  the  limit  is  reached  at  a 
stress  which  is  only  a  small  fraction  of 
what  they  will  bear  in  a  test  which  lasts 
but  a  few  minutes.  Evidence  of  this  has 
already  been  given  in  the  remarks  upon 
the  influence  of  time  on  tensile  tests.  In 
these  metals,  "of  an  inelastic,  viscous 
character,  which  do  not  show  an  eleva- 
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tion  of  the  elastic  limit  under  strain,  and 
which  offer  an  increased  resistance  when 
the  rapidity  of  distortion  is  increased," 
there  seems  to  be  a  flow  of  particles 
which  almost  any  load  will  cause,  and 
which  almost  any  load  will  continue  until 
rupture  takes  place.  They  are  therefore 
unsafe  metals  to  use  in  construction. 

With  metals  like  wrought  iron  and 
soft  steel,  Yicat's  experiments  seem  to 
show  that  they  also  exhibit  viscosity  and 
flow,  and  that  therefore  long  continued 
strain*might  cause  their  ultimate  rupture ; 
but  later  experiments,  by  Prof.  Thurston, 
Commander  Beardslee,  TJ.S.N.  and  others, 
indicate  that,  within  certain  limits,  no 
appreciable  flow  takes  place  (or  if  it  does 
take  place  it  soon  ceases),  but  on  the 
contrary  that  an  increase  rather  than  a 
diminution  of  strength  occurs.  This 
latter  phenomena  has  been  named  the 
•"elevation  of  the  elastic  limit."  Still 
later  experiments  by  Prof.  Thurston, 
however,  indicate  that  both  phenomena 
can  be  shown  by  the  same  material;  the 
elevation  of  the  elastic  limit  is  exhibited 
in  the  beginning  of  the  test,  or  perhaps 
throughout  the  test  nearly  to  the  end; 
and  later  on,  flow  is  exhibited,  and  rup- 
ture finally  can  take  place  under  a  steady 
and  not  increasing,  or  even  under  a 
decreasing  load.  Much  light  has  been 
thrown  upon  the  subject  of  endurance 
of  continued  strain  by  experiments  made 
within  the  last  five  years,  but  there  yet 
remains  a  wide  field  of  research. 

Resistance  to  Repeated  Stress. — It  is 
only  within  the  past  few  years  that  any 
really  scientific  investigation  has  been 
made  of  the  resistance  of  materials  to  re- 
peated steady  stresses.  The  results  of 
these  investigations  plainly  show  that  if 
a  piece  once  resists  without  breaking  any 
given  stress,  it  is  by  no  means  certain 
that  it  will  resist  an  indefinite  number  of 
repetitions  of  that  stress. 

As  the  result  of  a  long  series  of  ex- 
periments for  the  Prussian  government, 
A.  Wohler,  in  1858,  first  pointed  out  that 
a  load  much  less  than  that  necessary  to 
cause  rupture  by  a  single  application 
would  cause  rupture  if  repeated  a  suffi- 
cient number  of  times ;  and  that  it  was 
not  sufficient,  in  experiments  on  materials 
of  construction,  to  learn  only  the  ruptur- 
ing strength  for  a  single  application  of 
load,  but  that  it  was  necessary,  for  a 
safe  foundation  for  calculation,  to  experi- 


ment upon  the  resistance  to  stress  fre- 
quently repeated.  The  results  of  his  re- 
searches are  embodied  in  the  following 
general  statement,  which  is  known  as 
Wohler' s  law*: 

"  Rupture  may  be  caused,  not  only  by 
a  steady  load  which  exceeds  the  carrying 
strength,  but  also  by  repeated  application 
of  stresses,  none  of  which  are  equal  to 
this  carrying  strength.  The  differences 
of  these  stresses  are  measures  of  the  dis- 
turbance of  continuity,  in  so  far  as  by 
their  increase  the  minimum  stress  which 
is  still  necessary  for  rupture  diminishes." 

Uhwin  states,  in  reference  to  Wohler' s 
researches,  that  they  show  that  the 
safety  of  a  structure,  subjected  to  a  vary- 
ing amount  of  straining  action,  depends 
upon  the  range  of  variation  of  stress  to 
which  the  structure  is  subjected,  and  on 
the  number  of  repetitions  of  the  change 
of  load.  It  has  hitherto  been  assumed 
that  the  safety  depends  only  on  the  maxi- 
mum intensity  of  the  stress,  but  this 
must  now  be  considered  to  be  erroneous. 
Every  machine,  subjected  to  a  constant 
variation  of  load  must  be  designed  to  re- 
sist a  practically  infinite  number  of 
changes  of  load.  In  order  that  it  may  do 
so,  the  greatest  intensity  of  stress  must 
be  less  than  that  for  a  steady  load,  and 
less  in  some  proportion  which  depends 
iipon  the  amount  of  variation  the  stress 
undergoes  in  its  successive  changesf . 

Weyrauch  remarks  upon  Wohler's  law, 
that  in  the  general  form  already  given  it 
is  without  doubt  correct,  and  it  may  even 
be  considered  as  a  long-known  result  of 
experience,  since  we  continually  make 
unconscious  use  of  it.  "  If  one  endeavors 
to  break  a  beam  walled  in  at  the  end 
with  the  hand,  and  a  single  pidl  proves 
insufficient,  he  naturally  ceases,  and  pulls 
again  and  again,  and  when  this  fails  per 
chance  accomplishes  the  fracture  by 
bending  to  and  fro.  The  force  of  the 
arm  is  not  greater  in  the  second  case 
than  in  the  first,  but  we  do  not  even  need 
so  great  a  force.  We  have  long  known 
therefore  that  by  alternate  stress  in  op- 
posite directions,  where  the  differences 
of  stress  are  greatest,  the  force  necessary 
for  rupture  is  less  than  for  repeated 
stress  in  a  single  direction,  and  still  less 
than  for  a  single  application  of  such  a 

Weyr  inch,  Strength  and  Determination  of  the  Dimen- 
sions of  Structures.    New  York,  18T7. 
t  Unwin,  Elements  of  Machine  Design,  London,  1876. 
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stress There  remains  still  much 

room  for  the  further  development  of 
Wohler's  law.  In  his  experiments,  the 
stress  was  repeated  very  rapidly;  the 
strains  however  require  a  certain  time  in 
order  to  reach  their  full  intensity;  we 
disregard  now  impact  proper.  What  in- 
fluence has  the  rapidity  of  the  repetition, 
what  influence  the  rapidity  of  the  iA- 
crease  of  stress,  and  what  the  duration 
of  the  individual  stresses?  The  ques- 
tions are  not  as  yet  satisfactorily  an- 
swered." 

Wohler  found  that  a  bar  which  is  al- 
ternately subjected  to  compression  and 
tension  will  endure  a  much  smaller  num- 
ber of  repetitions  of  strain  than  the  same 
bar  to  an  equal  amount  of  tension  or 
compression  alone.  Certain  bars  of 
wrought  iron  and  steel  were  equally  safe 
to  resist  varying  bending  and  tensile 
straining  actions  repeated  for  an  indefi- 
nite time  when  the  maximum  and  mini- 
mum stresses  had  the  following  values : 

FOR    WROUGHT    IRON. 

In  tension  only  from  +  18,713  to  +  31 
pounds  per  square  inch. 

In  tension  and  compression  alternately, 
from  +  8317  to  —  8317  pounds  per 
square  inch. 

FOR    CAST    STEEL. 

In  tension  only  from  +  34,307  to  -f- 
113,436  pounds  per  square  inch. 

In  tension  and  compression  alternately 
from  +  12475  to  —  12475  pounds  per 
square  inch.  +  represents  tension,  and 
—  compression. 

Wohler's  experiments  have  been  com- 
pletely confirmed  by  those  of  Spangen- 
berg*. The  latter  states  that  numerous 
experiments  confirm  Wohler's  second 
deduction,  viz  :  "  Differences  of  strains 
at  the  extremes  of  vibrations  are  a  suffi- 
cient cause  of  rupture,"  and  that  as  the 
strain  increases  the  differences  which  are 
sufficient  to  cause  rupture  become  less. 
Experiments  showed  that  variations  of 
stress  between  the  following  limits  may 
take  place  with  equal  security  : 

(  between+160  Ctr.f  and-160  Ctr.  )  per 
IroiJ        <<      -(.300     "       "  —    0    "     Uq. 
«      _|_44o     <<       "  _|_240    "    )  in. 


Axle  (  between  -f  280  Ctr.  and— 280  Ctr.  )  per 
Cast  -  "  +480  "  "  —  0  "  \eq. 
Steel  (        "      +800     "      "  +350    "     )  in. 


per 


Spring    fbetween+500  Ctr.  and  0     Ctr. 

steel     J        "      +700     "  "   250  " 

not       1        "       +800     "  "    400  "     [J* 

hardened  I        "       +900     "  "    600  "    J  in' 

and  for  shearing  resistance, 

Axle  j  between  220  Ctr.  and— 220  Ctr.  /  £®r 
Cast  Steel)        "       380     "     "  0    "     L?JJ- 

The  following  is  one  of  the  tables 
given  by  Wohler  showing  the  effect  of 
repeated  bendings  in  one  direction: 

HOMOGENEOUS    IRON. 


Maximum 

Number  of 

strain  in  ctr 

bendings 

per  sq.  in. 

before  rupture 

550 

169,750 

500 

•  420,000 

450 

481,975 

400 

1,320,000 

360 

4,035,400 

320 

sound 

after     3,420,000 

300 

sound 

after  48,200,000 

"  Spangenberg.  The  "Fatigue  of  Metals."  Transla- 
tion :    Van  Nostrand,  New  York,  1S76. 

t  A  centner^  110.2  pounds  Avoir,  and  1  German  square 
inch  =  1.0603  English  square  inch 


Unwin  remarks :  "Unfortunately,  Woh- 
lers  experiments,  although  extensive,  do 
not  furnish  decisive  rules  for  practical 
guidance.  They  afford  an  explanation  of 
the  apparently  high  factors  of  safety 
which  in  certain  cases  experience  has 
shown  to  be  necessary,  but  they  are  not 
complete  enough  to  indicate  precisely  the 
factor  of  safety  to  be  chosen  in  different 
cases.  Nor,  indeed,  could  rules  be  ob- 
tained without  the  most  careful  compar- 
ison of  the  results  of  researches  of  the 
kind  begun  by  Wohler  with  the  actual 
stresses  found  to  be  safe  in  practice,  in  a 
great  variety  of  cases." 

For  a  discussion  of  the  researches  of 
Wohler  and  Spangenberg,  the  reader  is 
referred  to  Dubois's  translation  of  Wey- 
rauch  on  "Strength  and  Determination 
of  Dimensions  of  Structures."  The  same 
work  gives  formulas  derived  from  the 
results  of  Wohler's  experiments,  by 
Gerber,  Shaffer  and  Launhardt,  for  the 
dimensioning  of  structures  subjected  to 
repeated  stresses  and  to  alternation  of 
tension  and  compression,  but  the  formu- 
las are  not  yet  generally  adopted  in  prac- 
tice, and  the  accuracy  of  the  numerical 
constants  which  enter  into  them  is 
doubtful. 

The  present  state  of  our  knowledge 
upon  the  subject  of  resistance  to  repeated 
stresses    is    singularly    defective.      The 
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Germans  have  been  the  only  experi- 
menters in  tins  field  (a  limited  research 
by  Sir  William  Fairbaim.  in  England, 
perhaps  alone  excepted)  and  their  re- 
sults, as  presented  to  ns  in  English 
translations,  are  so  beclouded  with  dis- 
cussions of  theories  that  they  are  not 
appreciated  by  the  ordinary  practical 
reader,  and  they  have  not  yet  found 
their  way  into  English  or  American 
text-books. 

There  is  scarcely  any  subject  of  more 
importance  to  the  engineering  jDrofes- 
sion.  Wohler's  investigations  are  of 
immense  value  as  far  as  they  go,  but 
they  must  be  supplemented  by  still  more 
extended  investigations  before  they  can 
be  available  for  general  practice.  The 
field  is  such  a  large  one  that  it  would 
take  a  century  for  private  experimenters 
to  explore  it.  The  research  can  be  effi- 
ciently made  only  under  the  direction  or 
patronage  of  government. 

Resistance  to  Shock. — Materials  are 
frequently  called  upon  to  resist  sudden 
and  violent  shocks.  As  a  shock  is  caused 
by  the  sudden  arrest  of  a  moving  force 
or  load,  it  cannot  be  measured  like  a 
steady  strain  in  pounds ;  but  its  amount 
can  be  expressed  in  units  of  work  or 
energy,  as  foot-pounds,  or  the  product  of 
mass  into  velocity  or  of  force  into  space. 

The  subject  of  resistance  to  shock  was 
treated  of  by  the  writer  in  a  note  pub- 
lished in  the  Metallurgical  Review  of 
October,  1877.*  The  following  extracts 
from  that  note  may  be  quoted  here: 

"The  resistance  to  shock  is  not  merely 
a  resistance  to  an  external  force,  but  to 
force  moving  through  space  or  to  a  mass 
moving  with  a  velocity.  It  is  a  resistance 
to  energy,  which  is  measured  by  the  pro- 
duct of  the  force  into  the  space  through 
which  it  moves,  or  by  the  product  of  one- 
half  the  moving  mass  which  causes  the 
shock  into  the  square  of  its  velocity. 

"Also,  the  resistance  to  shock  is  not 
merely  a  resisting  force,  but  a  resisting 
force  moving  through  space;  a  work 
measured  by  the  product  of  the  mean 
resisting  force  into  the  space  through 
which  it  acts.  The  space  through  which 
the  resisting  force  acts,  in  tensile  strain 
produced  by  shock,  is  the  extension. 

"If  rupture  does  not  take  place,  equili- 
brium must  exist  between  the  shock-pro- 

*  Vol.  I.  p.  190. 


,  during   energy   and   the   shock-resisting 
i  energy,  or  between  the  work  of  the  shock 
and  the  work  of  the  resistance.    Express- 
!  ed  in  symbols, 

FS=iMV2=KS', 

in  which  F  is  the  force  causing  the  shock 
|  and  S  the  space  through  which  the  force 
;  acts,  M  the  mass  of  the  moving  body  and 
i  V  its  velocity,  R  the  mean  resistance,  or 
resisting  force,  and  S'  the  space  through 
!  which  the  resistance  acts." 

The  product  of  the  mean  resistance  of 
a  material  to  steady  strain  into  its  ulti- 
mate ductility  (or  amount  of  extension  or 
;  other  distortion  before  rupture)  furnishes 
us  an  approximate  measure  of  its  shock- 
resisting     capacity.       This     product     is 
termed   the  "resilience,"*  and  it  is   ex- 
pressed hi  foot-pounds  or  other  similar 
unit.     In  the  graphic  method  of  record- 
ing   results,    heretofore    described,    the 
|  resilience  is  represented  by  the  area  of 
,  the  diagram.     This  measure,  however,  is 
only  approximate,  as  the  time  occupied 
in  the  test  may  have  an  influence  upon 
!  the  amount  of  the  resilience.     We  know 
!  that  soft  metals,   such  as  tin  and  zinc, 
;  show  greater  resistance  to  rapid  than  to 
;  slow  strain,  while  their  ductility  under 
either  rajfid  or  slow  strain  is  the  same. 
The  resilience  is  greater  therefore  under 
rapid   than   under   slow   strain.     If   the 
;  time  is  made  as  short  as  the  endurance 
of  a  shock,  a  small  fraction  of  a  second, 
the  resilience  may  be  still  greater.    With 
1  wrought  iron  and  steel  probably  the  re- 
i  verse  is  the  case,  as  we  know  that  they 
offer  greater  resistance  to  slow  than  to 
rapid    distortion — the   ductility   remain- 
ing, as  far  as  we  know,  nearly  constant. 
The  resilience  under  strain  rapid  enough 
j  to  constitute  a  shock  might  be  much  less 
than  the  resilience  under  steady  strain. 
I  This     is    apparently    indicated    by    the 
|  results  of  experiments  on  iron  and  steel 
armor  plate,  the  plate  cracking  or  "star- 
ring" under  the  impact  of  a  shot  fired 
with  a  high  velocity,  to  a  much  greater 
degree     than    would    probably    happen 
under  the  impact  of  the  same  number  of 
foot-tons  produced  by  a  greater  load  at  a 
smaller  velocity. 

Experiments  on  the  resistance  of  ma- 
terials to  shock  are  not  numerous.  In 
practice,  car  axles  are  tested  by  placing 

*  Some  writers  have  used  this  term  to  designate  elastic 
range,  or  "  spring." 
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thera  on  supports  at  the  ends,  and  drop- 
ping a  heavy  weight  on  them  in  the 
middle.  The  deflection  caused  by  the 
blow  or  by  successive  blows  or  the 
number  of  blows  they  will  stand  without 
breaking  is  taken  as  a  measure  of  their 
shock-resisting  capacity.  In  the  steel 
works,  specimens  are  frequently  tested 
by  blows  from  a  steam  hammer,  applied 
in  various  ways.  No  experiments,  it  is 
believed,  have  yet  been  made  to  deter- 
mine what  precise  relation  resistance  to 
shock  bears  to  resistance  to  steady  strain 
and  to  ductility.  As  already  stated,  the 
product  of  the  two  latter  affords  an 
approximate  measure  of  the  former,  but 
the  precise  relation  probably  depends 
upon  the  velocity  of  the  shock  producing 
force.  The  impact,  ^-MTV2,  may  be  a  con- 
stant quantity  (M  and  V2  being  variable, 
but  their  product  constant)  but  the 
resistance  to  impact,  RS',  may  possibly 
not  be  constant,  R  varying  as  some 
function  of  V. 

Resistance  to  Repeated  Shocks. — The 
single  violent  shocks  treated  of  above 
usually  occur  only  in  what  are  called  ac- 
cidents, but  in  all  constructions  re- 
peated shocks,  tremors  or  vibrations 
much  less  than  that  sufficient  to  cause 
rupture  are  of  constant  occurrence  ;  and 
a  knowledge  of  the  resistance  of  materials 
to  these  repeated  shocks  is  a  much  more 
important  matter  than  a  knowledge  of 
their  resistance  to  a  single  heavy  shock. 

Wohler's  and  Spangenberg's  experi- 
ments teach  us  something  in  regard  to 
the  effect  of  repeated  steady  strains,  but 
there  have  been  scarcely  any  experiments 
on  the  effect  of  repeated  shocks,  and 
nearly  all  our  information  on  this  subject 
is  the  result  of  common  observation  and 
experience.  We  know  that  in  breaking 
a  piece  of  cast  iron  if  one  blow  of  a 
sledge  does  not  accomplish  the  result, 
several  will.  It  is  well  known  that  pieces 
of  machinery  may  be  in  use  for  years 
subjected  to  light  shocks  repeated  mil- 
lions of  times,  and  will  at  •  some  time 
break  under  a  lighter  shock  than  they 
have  repeatedly  experienced.  Prof. 
Wood  states :  If  repeated,  shocks  upon 
metals  are  quite  certain  to  produce 
fracture  sooner  or  later.  All  metals  in 
use  have  their  life.  They  can  sustain 
only  a  certain  amount  of  service." 

It  is  generally  believed  that  repeated 
shocks  will  change  the  mechanical  con- 
Vol.  XX.— No.  2—10 


dition  of  a  material,  and  render  it  weak; 
as  in  the  case  of  iron,  by  changing  the 
structure  from  fibrous  to  crystalline. 
The  evidence  upon  this  subject  is.  how- 
ever, conflicting,  and  direct  experiments 
will  have  to  be  made  before  it  can  be 
satisfactorily  settled. 

Fairbairn  says :  "We  know  that  in 
some  cases  wrought  iron  subjected  to 
continuous  vibration  assumes  a  crystal- 
line structure,  and  that  then  the  cohesive 
powers  are  much  deteriorated;  but  we 
are  ignorant  of  the  causes  of  this  change." 
In  another  place  he  says;  "I  am  in- 
clined to  think  that  we  attribute  too 
much  influence  to  percussion  and  vibra- 
tion, and  neglect  more  obvious  causes 
which  are  frequently  in  operation  to  pro- 
duce the  change."  The  fact  is,  in  my 
opinion,  we  cannot  change  a  body  com- 
posed of  a  fibrous  texture  to  that  of  a 
crystalline  character  by  a  mechanical 
process,  except  only  in  those  cases  where 
percussion  is  carried  to  the  extent  of  pro- 
ducing considerable  change  of  tempera- 
ture. 

The  late  John  A.  E-oebling,  in  his  re- 
port on  the  Niagara  Suspension  Bridge, 
in  1860,  gives  as  his  opinion  that  "a 
molecular  change,  or  so-called  granula- 
tion or  crystallization,  in  consequence  of 
vibration  or  tension,  or  both  combined, 
has  in  no  instance  been  satisfactorily 
proved  by  demonstration  or  experiment." 
This  seems  to  be  in  direct  conflict  with 
the  testimony  of  most  authorities,  and 
with  a  great  accumulation  of  facts  learned 
by  common  observation. 

Prof.  Wood,  in  a  review  of  this  subject, 
remarks:  "These  several  facts,  though 
apparently  somewhat  conflicting,  show 
quite  conclusively,  that  some  metals  will 
crystallize  under  certain  conditions ;  that 
under  certain  conditions  they  may  be 
strained  millions  of  times  without  being 
damaged,  or  at  least  without  being 
broken ;  that  under  certain  conditions 
strains  and  shocks  combined  may  pro- 
duce crystallization ;  that  shocks  when 
severe  will  weaken  metals  and,  if  thev 
are  sufficiently  numerous,  will  produce 
rupture.  Much  evidently  remains  to  be 
learned  upon  this  subject." 

As  already  stated,  the  product  of 
tensile  strength  and  ductility  is  an  ap- 
proximate measure  of  the  capacity  of  a 
material  to  resist  a  single  heavy  shock. 
We  know  little  or  nothing  however  con- 
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ceming  the  relation  of  strength  and 
ductility  to  resistance  to  repeated  shocks. 
It  is  generally  believed  that  the  material 
which  is  best  able  to  resist  a  single  heavy 
shock  is  also  best  able  to  resist  a  suc- 
cession of  lighter  shocks  ;  and  this  belief 
is  acted  on  in  practice.  Thus  in  certain 
kinds  of  machinery  pieces  which  are  sub- 
jected to  innumerable  vibrations  or  light 
shocks  are  made  of  the  very  finest  and 
most  ductile  iron  or  of  the  softest  steel. 

Car  axles,  which  are  subjected  to  con- 
tinuous "hammering"  while  in  service, 
are  made  of  steel  which  must  be  so  soft 
as  to  resist  without  breaking  one  or  more 
blows  of  a  heavy  weight  falling  a  number 
of  feet.  The  percentage  of  carbon  in 
steel  for  axles  is  therefore  kept  under  a 
certain  figure  in  order  that  the  steel  may 
be  soft  enough  to  stand  the  test  without 
breaking. 

It  is  tolerably  certain  that  the  axle 
which  will  resist  the  test  of  heavy  blows 
without  breaking  will  also  not  break  at 
the  beginning  of  its  service  by  an  acci- 
dent which  causes  it  a  very  heavy  shock, 
such  as  a  derailment,  but  will  rather 
bend;  but  it  is  not  at  all  certain  that 
this  axle  would  have  a  longer  "life  "  in 
ordinary  service  than  one  that  is  less 
ductile,  and  that  would  be  broken  under 
the  test  by  blows.  Neither  is  it  certain 
that  the  very  soft  steel  used  in  vibrating 
pieces  of  machinery  would  have  as  long 
a  life  as  harder  steel  used  in  place  of  it. 

The  most  valuable  contribution  to  our 
knowledge  upon  the  subject  of  the  resist- 
ance of  steel  to  repeated  shocks,  is  that 
given  by  Mr.  William  Metcalf,  in  a  letter 
to  the  Metallurgical  Review  for  Decem- 
ber, 1877.  It  is  all  the  more  valuable, 
since  it  is  directly  in  opposition  to  the 
common  belief  mentioned  above,  viz : 
that  soft  steels  are  the  best  adapted  to 
resist  repeated  shocks  and  vibrations. 
The  importance  of  the  subject  will  justi- 
fy the  reprinting  here  of  a  brief  extract. 

"This  action  of  resistance  to  vibration 
we  first  observed  at  the  Crescent  Steel 
Works  about  three  years  ago,  and  it  was 
a  complete  surprise  to  us,  as  up  to  that 
time  we  had  always  used  the  mildest 
steel  to  resist  such  strains. 

"The  piston  rods  of  steam  hammers 
used  on  steel  always  break.  In  hammers 
where  the  life  of  a  wrought  iron  rod  was 
about  three  months,  a  mild  steel  rod  was 
found  to  last  about  six  months.     To  im- 


i  prove  upon  this  still  milder  rods  were 
,  tried,  and  four  to  five  months'  use  ob- 
tained, to  the  surprise  of  everybody.    An 
accident  caused  the  hurried  use  of  a  rod 
much  higher  than  any  ever  tried  before, 
!  probably  containing  .60  carbon.     Iinnie- 
:  cliate  provision  was  made  for  its  replace- 
ment by  a  mild  rod,  its  destruction  being 
expected  in  a  few  weeks.     The  high  rod 
i  ran  over  two  years,  or  about  four  times 
i  as  long  as  the  average  of  milder  rods. 

"The  next  case  was  that  of  gteel  for 
;  small  pitmans,  where  the  test  required 
|  was  that  a  machine  should  run  4^  hours, 
|  at  a  rate  of  1200  revolutions  per  minute, 
J  unloaded,    before     the     pitman     broke. 
These    pitmans   were   unforged    in    the 
middle,    and    consisted    of    a    piece    of 
straight  round  bar  with  a  head  welded 
on   each   end,  the  middle  of   the  piece 
being   left   as   it   came    from   the   rolls. 
This    explanation  is  necessary  in  order 
that  it  may  be  understood  that  no  acci- 
dents of  forging  affected  the  results. 

"The  first  trial  was  with  .53  carbon 
steel :  mean  time  of  six  trials,  2  hours  9^ 
minutes.  Second  trial,  .65  carbon  steel: 
mean  time  of  six  trials,  2  hours  57^-  min- 
utes. Third  trial,  .85  carbon  steel: 
mean  time  of  three  trials,  9  hours  45 
minutes,  or  more  than  double  the  re- 
quirements. This  was  satisfactory  and 
the  trials  were  stoj)ped. 

"  These  trial  pitmans  were  all  of  miiform 
quality  except  as  to  carbon.  This  led  to 
the  trial  of  a  set  of  twelve  pitnians  taken 
from  ingots  which  were  carefully  analyzed 
by  Prof.  J.  W.  Langley,  who  published  a 
paper  on  the  results  in  the  Am.  Chemist 
of  Nov.,  1876. 

"  These  pitmans  were  of  a  finer  quality 
of  steel  than  the  above. 

The  .30  C.  ran  1  h.  21  m.  heated  and  bent  before  break'g 
"    .49         "    In.  28  m.        "  "        "  " 

"    .53         "    4  h.  57  m.  broke  without  heating. 
"    .65         "    3  h.  50  m.  broke  at  weld  where  imperfect. 
"    .80         "    5  h.  40  m. 
"    .84         "  18  h. 

.87  carbon  broke  in  weld  near  the  end. 
.96      "       ran  4  h.    55  m.  and  the  machine    broke 
down." 

Should  Mr.  Metcalf's  results  be  found 
on  further  experiment  to  hold  good  for 
all  kinds  of  steel  it  may  well  be  doubted 
whether  the  practice  of  using  soft  steel 
for  car  axles  is  the  best  practice,  and  also 
whether  engineers  who  have  used  the 
softest  steels  in  bridges  have  used  the 
materials  which  offers  the  greatest 
security  to  human  life.     The  increasing 


THE   STRENGTH   OF   MATERIALS. 


147 


use  of  Bessemer  and  Siemens-Martin 
steels  in  structures  and  the  substitution 
of  these  materials  for  wrought  iron  ren- 
ders the  subject  one  of  vast  importance. 
A  thorough  series  of  experiments  on  the 
resistance  of  the  various  steels  to  repeat- 
ed shocks  and  on  the  relation  which  this 
resistance  bears  to  tensile  strength,  duc- 
tility and  other  mechanical  properties, 
and  to  chemical  composition  would  be  of 
far  greater  value  to  the  world  than  the 
researches  of  Wohler  and  Spiingenberg 
on  resistance  to  repeated  steady  loads. 

It  may  be  well  to  explain  why  a  knowl- 
edge of  the  relation  between  resistance  to 
repeated  shocks  and  other  mechanical 
properties  is  important,  as  well  as  a 
knowledge  of  the  absolute  value  of  this 
resistance  for  various  materials :  Direct 
experiments  on  resistance  to  repeated 
shock  will  be  somewhat  difficult,  and  they 
may  take  a  long  time  to  make;  while  ex- 
periments on  tensile,  compressive  or 
torsional  strength,  or  on  ductility  may 
be  made  at  most  in  a  few  hours.  If 
then  it  can  once  be  settled  what  relation 
exists  between  these  kinds  of  strength 
and  ductility  and  resistance  to  repeated 
shock  for  all  materials,  it  may  then  be 
possible  to  tell  with  precision  from  the 
"  sti'ain  diagram  "  furnished  by  a  tensile 
or  torsional  test  of  any  material  what  is 
the  carjacity  of  that  material  to  resist  re- 
peated shocks,  without  subjecting  it  to 
direct  experiment. 

It  would  be  eminently  proper  that  the 
series  of  experiments  mentioned  above 
should  be  made  either  by  government  or 
under  its  patronage ;  but  in  view  of  the 
increasing  use  of  Bessemer  steel  in  con- 
struction, and  the  immediate  necessity 
existing  that  we  should  know  something 
of  its  ability  to  resist  continued  shocks 
before  putting  it  into  structures,  and  also 
of  the  proper  kind  of  steel  to  be  used 
under  different  conditions,  it  seems  prob- 
able that  it  would  be  to  the  interest  of 
the  Bessemer  steel  conrpanies  to  make 
such  exj^eriments  for  their  own  benefit.* 

Conclusion. — All  the  various  forms  of 
stress   to    which  materials    can    be   Sub- 


file writer  has  recently  designed  an  apparatus  for  the 
use  of  Bessemer  steel  works  and  others,  for  the  purpose 
of  testing  the  relative  resistance  of  different  grades  and 
tempers  of  steel  or  other  metals  to  long  continued  and 
repeated  small  shocks,  by  which  a  number  of  pieces  can 
be  tested  at  once,  and  the  test  of  each  piece  made  m  a  tew 
minutes  or  in  several  years  as  desired.  He  hopes  soon  to 
have  such  an  apparatus  built  and  to  publish  results 
obtained  from  it. 


jected  have  been  treated  of  at  length,  but 
the  subject  is  by  no  means  exhausted. 
Much  might  be  said  of  the  effect  of  dif- 
ferent conditions  in  increasing  or  de- 
creasing strength.  Of  these  are :  in- 
fluence of  temperature  of  the  metal  when 
cast ;  of  mass  of  casting  ;  of  temperature 
of  piece  when  tested;  of  amount  of  work 
done  on  piece ;  of  reheating,  rerolling 
and  welding ;  of  annealing ;  of  remelting; 
of  compression  while  in  the  fluid  con- 
dition ;  of  cold-rolling ;  of  removing  the 
outside  surface;  of  pimcliing  or  drilling 
holes  in  plates,  etc.  The  influences  of 
these  conditions  have  been  discussed  by 
several  writers  on  strength  of  materials, 
and  it  is  not  necessary  to  extend  this 
paper  further  by  treating  of  them  here. 
As  a  most  important  practical  fact  it  may 
be  well  to  state  that  the  process  of  com- 
pressing metal  while  in  the  liquid  con- 
dition has  been  found  to  cause  a  great 
increase  in  strength,  and  it  is  likely  that 
it  will  be  extensively  adopted  in  the 
manufacture  of  steel.  The  process  of 
cold-rolling  has  been  found  to  increase 
the  strength  of  bar  iron  in  some  cases  as 
much  as  100  per  cent. 

A  table  of  the  strength  of  various  ma- 
terials might  be  appended,  but  such 
tables  already  exist  in  abundance,  and 
the  writer  would  rather  discourage,  than 
otherwise,  reliance  on  published  figures 
of  strength.  In  the  first  portion  of  this 
paper  several  examples  were  given  to- 
show  the  unreliability  of  such  figures. 
In  all  important  structures  the  material 
to  be  used  shoidd  first  be  tested ;  there 
should  be  no  guesswork  in  regard  to  the 
strength  of  a. bridge  rod  or  any  piece  on 
which  the  safety  of  life  may  depend. 

If  the  result  of  these  articles  shall  be 
to  show  to  manufacturers  and  users  of 
materials  how  recklessly  and  incorrectly 
tests  of  these  materials  have  been  and 
are  being  made,  if  they  shall  tend  in  any 
degree  to  bsing  about  some  reform  in 
the  common  method  of  testing,  and  if 
they  shall  help  make  more  general  the 
belief  that  no  material  should  be  used  in 
an  important  structure  until  specimens 
of  it  are  first  subjected  to  test,  their  ob- 
ject will  be  accomplished. 


A  proposal  is  receiving  favor  for  the 
construction  of  a  railway  between  Alyth 
and  Braemar  in  Scotland. 
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THE  GAS  ENGINES  AT  THE  PARIS  EXHIBITION. 

Bt  M.  ARMENGAUD.  Jr. 

Abstract  of  the  Author's  Address  at  the  Conference  du  Trocadero. 

Translated  from  "Revue  Industrielle"  for  Van  Nostrand's  Magazine. 


The  attention  of  most  of  those  in 
attendance  at  this  Conference  has  doubt- 
less been  drawn  at  the  Exposition  to 
certain  machines,  which  in  their  general 
appearance  and  mode  of  working  resem- 
ble steam  engines.  But  upon  approach 
ing  them  it  is  readily  seen  that  the 
similarity  is  only  apparent;  the  move- 
ments of  these  motors  is  accompanied  by 
a  series  of  slight  detonations,  and  a  near 
inspection  reveals  the  fact  that  attached 
to  each  is  a  perforated  chamber  within 
which  burns  a  flame  which  seems  to  give 
life  to  the  machine.  These  are  the  gas 
motors.  The  motive  power  is  derived 
from  illuminating  gas  and  not  from 
steam. 

It  is  proposed  to  present  to  the  con- 
ference some  explanations  of  the  struct- 
ure and  mode  of  working  of  the  different 
engines  of  this  class  exhibited  at  the 
Champ  de  Mars,  and  to  consider  the 
possible  future  achievements  of  the  in- 
ventors and  constructors  of  these  engines 
if  they  continue  the  progress  so  clearly 
made  manifest  by  this  exposition. 

Such  a  programme  would  hardly  seem 
to  possess  sufficient  interest  to  hold  the 
attention  of  an  audience  not  composed 
exclusively  of  engineers.  But  it  is  pro- 
posed to  relieve  the  subject  of  its  techni- 
cal character  as  far  as  possible,  and 
present  the  more  general  form  of  discus- 
sion. The  task  is  rendered  easy  by  the 
very  happy  circumstance  that  in  the 
working  of  a  gas  engine  we  find  a  sum- 
mary of  the  most  beautiful  applications 
of  scientific  principles. 

A  gas  motor  possesses  the  essential 
organs  of  the  steam  enginfe ;  the  cylinder 
which  receives  the  gaseous  fluid;  the 
piston  which  by  aid  of  rod  and  crank 
transmits  the  pressure  to  the  shaft — the 
fly-wheel  which  regulates  the  motion  and 
the  pulleys  and  belts  by  which  the  power 
is  conveyed  to  the  machines  to  be  driven. 

The  gaseous  fluid  is  a  mixture  of  gas 
and  air  in  such  proportions  as  is  most 
susceptible  of  explosion  when  brought  in 
contact  with  an  ignited  body.  The  mix- 
ture is  exploded  by  the  little  flame  before 


mentioned,  and  the  products  of  the  com- 
bustion, suddenly  dilated  by  the  heat, 
urge  the  piston  and  develop  the  motive 
power.  The  gas  on  burning  combines 
with  the  oxygen  of  the  atmosphere  ;  that 
is  to  say,  the  -carbon  is  converted  into 
carbonic  dioxide  and  the  hydrogen  into 
water.  This  change  is  completed  only 
under  the  condition  that  the  volume  of 
air  is  sufficient  to  afford  the  proper- 
amount  of  oxygen;  the  gas  requires 
about  seven  times  its  volume  of  air. 
The  combustion  may  be  completed  in 
the  open  air  or  in  a  closed  space.  An 
example  of  the  first  kind  is  afforded  by 
the  burners  in  metallurgical  works.  The 
gas  and  air  arrive  separately  and  by  small 
quantities  at  a  time,  so  that  their  union 
is  effected  without  sensible  noise.  Ifr 
however,  the  ah*  and  gas  are  mixed  in 
advance  and  ignited  in  a  closed  space, 
then  the  combustion  takes  place  through- 
out the  whole  mass  at  once;  a  strong 
detonation  and  a  probable  rupture  of  the 
envelope  immediately  follow.  Of  such  a 
kind  are  the  explosions  which  result  from 
the  careless  leaving  a  gas  pipe  open  in  a 
closed  room.  The  gas  diffusing  through- 
out the  room  becomes  capable  of  exploding 
as  soon  as  the  volume  of  gas  is  equal  to 
one-twentieth  the  volume  of  the  air. 

The  flame  is  not  absolutely  necessary 
to  effect  the  explosion,  as  an  electric 
spark  will  serve  the  same  purpose,  but  it 
is  necessary  to  establish  a  point  of  intense 
heat  somewhere  in  the  mixture. 

The  effects  of  gas  explosion  are  ex- 
plained, as  are  those  of  powder  explosions, 
by  the  enormous  increase  of  volume  of 
the  combustion  products  at  the  instant 
of  burning. 

In  the  case  of  the  mixture  most  suita- 
ble for  explosion,  seven  parts  of  air  to 
one  of  gas,  the  explosion  develops  10180 
units  of  heat  for  each  kilogram  of  gas- 
used,  or  6000  units  for  each  cubic  meter. 
This  heat  is  instantly  communicated  to 
the  gaseous  products  raising  their  tem- 
perature, about  2700  degrees. 

Now  as  gas  dilates  to  the  extent  of  ^-j 
of  its  volume  for  each  degree  of  rise  of 
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temperature,  it  follows  that  a  heat  of 
2700  degrees  would  expand  the  mixture 
to  nearly  ten  times  its  normal  volume. 

When  a  mixture  of  twelve  parts  of  air 
to  one  of  gas  is  exploded  in  the  cylinder 
of  a  gas  engine,  the  heat  developed  by 
the  explosion  is  about  1400  degrees,  and 
the  gases  develop  a  tension  of  six  at- 
mospheres. The  effect  on  the  piston  is 
the  same  as  would  be  produced  by  the 
introduction  of  a  gas  or  vapor  under  a 
pressure  of  six  atmospheres,  and  exactly 
as  in  the  case  of  such  vapor  do  these 
gaseous  products  of  explosion  by  their 
expansion  urge  the  piston  of  the  engine. 
In  this  way  is  the  work  of  gas  engines 
developed. 

Gas  engines  have  many  points  of  re- 
semblance to  steam  and  hot  air  engines. 
In  one  as  in  the  others  it  is  the  expan- 
sion of  a  gaseous  fluid  which  originates 
the  work  of  the  engine.  Whatever  the 
nature  of  the  fluid,  its  elastic  force  is  em- 
ployed to  move  the  piston.  This  fluid 
then  is  only  an  intermediate  agent  em- 
ployed to  convey  heat,  and  giving  up  a 
portion  during  the  process  of  transporta- 
tion. The  heat  which  disappears  is  con- 
verted into  mechanical  work  and  is  the 
source  of  power  in  the  motor.  This 
correlation  of  heat  and  motion  is  one  of 
the  most  beautiful  conceptions  of  modern 
science. 

The  essential  differences  in  the  various 
kinds  of  motors  above  mentioned  reside 
in  the  different  modes  of  communicating 
heat  to  the  intermediate  gaseous  body. 

In  steam  engines  heat  is  first  employed 
in  converting  water  into  steam  and  then 
in  augmenting  the  heat  of  the  steam. 
The  vaporization  is  effected  outside  of 
the  cylinder,  that  is  to  say,  in  the  boiler 
and  some  time  before  the  steam  acts  Tipon 
the  piston.  In  hot  air  engines  the  heat 
which  dilates  the  air  is  equally  apart 
from  the  cylinder. 

It  is  quite  otherwise  with  gas  motors, 
for  in  these  the  heat  is  developed  within 
the  cylinder  and  in  the  midst  of  the  gas- 
eous mass  and  only  at  the  moment  that 
power  is  wanted.  As  there  is  no  storing 
up  of  the  heat  nor  any  transportation  of 
it,  these  causes  of  loss  are  avoided. 

The  advantages  of  such  a  mode  of  pro- 
duction and  utilization  of  heat  are  ap- 
parent. While  in  the  steam  engine,  the 
time  of  firing  up,  of  evaporating  the 
water,    and   of   raising   the    steam   to   a 


proper  temperature  is  necessarily  con- 
sumed, in  the  gas  engine  it  is  only  re- 
quired to  admit  the  gaseous  mixture  by 
a  single  turn  of  the  stop-cock.  Further- 
more, the  gas  engine  consumes  fuel  only 
vihile  it  is  doing  work.  In  this  quality 
it  possesses  a  great  advantage  over  other 
heat  engines  in  those  branches  of  in- 
dustry which  require  only  an  intermittent 
application  of  power. 

Although  the  conception  of  the  em- 
ployment of  a  detonating  mixture  as  a 
source  of  power  is  a  simple  one,  the 
practical  realization  is  not  without  com- 
plexities. The  heat  developed  by  the  ex- 
plosion of  the  mixed  gases  in  the  old 
Lenoir  gas  engine  was  communicated  to 
the  products  of  the  explosion  and  the 
excess  of  air  too  suddenly;  the  expansion 
was  too  violent  and  in  no  way  like  the 
motive  force  in  steam  or  hot  air  engines. 
Its  ill  effects  were  only  mitigated  by 
admitting  air  in  large  excess  before  the 
explosion.  Such  sudden  shocks  were  not 
in  keeping  with  the  regular  motion 
required  of  a  motor. 

Furthermore,  the  heat  tended  to  es- 
cape as  rapidly  as  it  was  generated  by 
conduction  through  the  sides  of  the 
cylinder.  A  testing  of  the  cylinder  re- 
sulted, which  was  only  partly  avoided  by 
a  current  of  water  on  the  outside. 

The  heat  developed  in  the  cylinder  of 
the  gas  engine  tends  to  disappear  in  two 
ways :  one  by  conduction  through  the 
sides  of  the  cylinder  and  subsequent 
radiation;  and  the  other  by  the  expan- 
sion of  the  gaseous  products  left  after 
combustion.  The  first  of  these  is  useless  ; 
the  other  useful.  Utility  demands  that 
the  first  should  be  counteracted  and  the 
second  developed.  One  step  towards 
the  accomplishment  of  this  object  is  at- 
tained by  allowing  a  very  rapid  expan- 
sion of  the  gases  in  the  cylinder.  Cfas 
engines  ought,  therefore,  to  work  with 
high  velocity. 

Loss  of  heat  is  also  occasioned  by  the 
escape,  from  the  cylinder,  of  the  mixture 
at  a  high  temperature.  It  is  clearly 
necessary  furthermore  to  develop  all 
the  heat  of  which  the  original  combus- 
tible gas  is  susceptible.  This  is  attained 
by  its  complete  combustion,  which  de- 
pends upon  the  method  of  mixing  with 
air  and  igniting. 

Such  are  the  requirements  for  good 
service  in  gas  engines.     We  propose  to 
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explain  to  what  extent  they  are  fulfilled 
in  the  gas  motors  of  the  Exposition,  first 
glancing  at  the  history  of  previous  ex- 
periments in  this  direction. 

As  with  all  other  great  inventions 
many  nations  claim  the  honor  of  produc- 
ing the  first  gas  engine.  A  very  com- 
plete and  impartial  history  of  the  sub- 
ject has  been  written  by  M.  H.  Tresca, 
who  presides  over  this  Conference.  From 
this  history  are  largely  drawn  the  notes 
here  presented. 

The  application  of  gun  powder  as  a 
motor  preceded  the  use  of  both  steam 
and  gas.  Before  thinking  of  the  employ- 
ment of  steam,  Papin  constructed  an  en- 
gine to  be  driven  by  cannon  powder,  fol- 
lowing suggestions  made  by  Huyghens 
in  1678,  and  Hautefetulle  in  1680.  In 
the  machine  described  by  Papin  in  1688, 
and  which  contains  a  piston  and  valve, 
he  did  not  seek  to  utilize  in  a  direct  man- 
ner the  expansion  of  the  gas,  but  only 
the  force  which  is  the  direct  result  of  this 
expansion.  It  was  upon  the  same  prin- 
ciple that  he  devised  a  little  later  a  steam 
engine. 

John  Barber,  in  1791,  was  the  first 
who  proposed  to  produce  a  motive  force 
by  burning  hydrogen  or  other  inflamma- 
ble gas.  But  his  engine  was  without  a 
piston  and  was  only  urged  by  the  force 
of  a  jet  leading  from  the  vessel  in  which 
the  explosion  was  produced. 

Then  came  the  inventions  of  Thomas 
Mead  and  Bobert  Street  in  1794,  who 
employed — one  the  gas  resulting  from 
combustion  of  some  substance  in  a  fire, 
and  the  other  the  volatile  vapor  produced 
by  dropping  petroleum  or  terebenthine 
or  similar  substances  into  the  cylinder. 

To  Philip  Lebon,  who  invented  gas  il- 
lumination, is  to  be  ascribed  the  honor 
of  devising  the  principles  of  construction 
and  working  of  the  gas  engine 

It  is  most  remarkable  that  in  the  ma- 
chine described  by  Lebon  in  his  patent 
of  1799,  there  are  two  pumps  one  for  the 
air  supply  and  the  other  for  the  inflam- 
mable gas.  These  imply  a  certain  state 
of  compression  before  the  explosion,  an 
idea  which  is  one  of  the  most  salient  points 
of  the  improved  motors  of  the  Exhibi- 
tion. Lebon  also  devised  the  use  of  the 
electric  spark  for  igniting  the  mixture,  a 
method  employed  in  the  Lenoir  engine. 

Experiments  by  Bivaz  in  1807,  by 
Samuel  Brown  in  1823,  and  by  Talbot  in 


!  1810,  only  need  be  mentioned  here.  A 
I  patent  in  this  latter  year  by  MM.  Demi- 
chelis  and  Monnier  describes  for  the  first 
j  time  the  use  of  gas.  It  was  generated 
in  an  apparatus  which  formed  part  of  the 
engine.  In  some  patents  coal  gas  was 
replaced  by  vapor  from  petroleum  and  by 
other  volatile  liquids.  Other  inventors 
proposed  to  use  air  which  had  been  car- 
buretted  by  passing  through  naphtha, 
benzine  or  similar  liquids. 

Omitting  the  names  of  many  experi- 
menters of  this  period,  Hugon  (1858). 
and  Lenoir  (1859),  may  be  mentioned  as 
being  entitled  to  the  honor  of  first  apply- 
ing gas  motors  to  industrial  purposes. 
These  two  forms  were  known  and  enjoyed 
celebrity  in  1867.  Several  Hugon  en- 
gines figured  in  the  French  section  in  the 
Exposition  of  that  year. 

It  is  unnecessary  to  describe  here  the 
details  of  these  machines.  It  is  suffi- 
cient to  say  that  they  utilized  directly 
the  expansion  of  the  gases.  The  piston 
at  each  stroke  admitted  on  one  side  the 
mixture  which  was  ignited  at  the  middle 
of  the  stroke,  and  expelled  on  the  oppo- 
site side  the  products  of  the  combustion. 
The  essential  differences  of  the  two  sys- 
tems was  in  the  distribution  and  mode  of 
igniting  the  gases.  Hugon  employed  a 
gas  flame  for  this  latter  purpose,  and 
Lenoir  an  electric  spark  from  a  Bum- 
kkorff  coil. 

The  Hugon  engine  is  supplied  with  an 
apparatus  for  carefully  adjusting  the 
quantities  of  air  and  gas  supplied  to  the 
cylinder ;  but  it  does  not  appear  that  any 
advantage  in  the  way  of  economy  of  con- 
sumption of  gas  has  been  gained  over 
that  afforded  by  the  Lenoir  engine. 

Next  to  these  forms  came  the  engine 
of  Otto  and  Langen  of  Cologne.  This  is- 
a  vertical  engine,  the  former  were  hori- 
zontal. The  principle  of  action  of  the 
Otto  engine  is  different  inasmuch  as  it 
utilizes  the  effect  of  expansion  in  an  in- 
direct manner  only. 

The  piston  rod  urges  the  shaft  only  in 
an  intermittent  manner ;  it  is  geared  to  a 
pinion  on  the  shaft  which  engages  the 
shaft  by  means  of  a  friction  pulley  only 
on  the  down  stroke.  On  the  up  stroke 
the  piston  is  driven  violently  by  the  ex- ' 
pansive  force  of  the  gases  till  the  pressure 
of  the  mixed  products  equals  the  atmos- 
spheric  pressure,  and  is  carried  beyond 
this   point  by  acquired   momentum.     It 
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stops  only  when  the  work  of  the  atmos- 
pheric resistance  has  absorbed  the  accu- 
mulated work  in  the  piston.  There  re- 
sults a  rarefaction  under  the  piston,  so 
the  down  stroke  is  urged  by  atmospheric 
pressure  aided  by  the  weight  of  the  pis- 
ton. This  descent  is  the  effective  stroke 
of  the  engine,  for  it  is  only  then  that  the 
piston  rod  is  connected  to  the  driving 
shaft. 

This  method  of  employing  the  effects 
of  the  explosion  only  indirectly  has 
yielded  good  results- economically;  afford- 
ing one  horse  power  for  a  consumption 
of  one  cubic  meter  of  gas  per  hour,  in 
place  of  2.7m  as  in  the  Lenoir  and 
Hugon  engines.  But  the  noise  of  the  en- 
gine as  in  the  former  cases  is  quite  unen- 
durable, and  has  led  to  its  rejection. 

Claude  Segre,  an  Italian  engineer,  and 
M.  Schmitz,  the  engineer  of  the  Paris 
gas  company,  have  made  a  thorough 
study  of  these  systems  of  motors,  and 
with  the  result  of  the  following  classifi- 
cation into  two  general  divisions. 

1st.  That  system  in  which  the  expan- 
sive force  of  the  gases  acts  directly  upon 
the  piston  and,  through  this,  upon  the 
other  moving  parts,  as  in  the  Lenoir  and 
Hugon  engines,  and 

2.  That  in  which  the  force  of  the 
explosion  urges  the  piston  (which  for  the 
moment  is  free)  until  a  partial  vacuum  is 
created  below  it,  when  the  atmospheric 
pressure  is  brought  to  act,  and  at  the 
return  stroke  producing  the  effective 
work.  This  includes  the  Otto  and 
Langen  engine. 

Sometimes  both  plans  of  action  are 
exhibited  in  the  same  engine.  An  ex- 
ample of  this  kind  is  afforded  by  the 
Gilles  motor,  a  specimen  of  which  was 
exhibited  in  the  English  section  of  the 
Exposition.  This  belongs  to  an  improved 
form  of  which  there  are  three  kinds, 
represented  respectively  by;  1st,  the 
motor  of  Mr.  Otto,  of  Cologne;  2d,  the 
engine  of  Louis  Simon  of  Nottingham; 
and  3d,  the  engine  of  M.  Bisschof. 

In  the  engines  of  Messrs.  Otto  and 
Simon,  the  mixture  of  gas  and  air  is 
compressed  before  explosion,  so  that  the 
initial  pressure  at  the  moment  of  ignition 
is  twelve  atmospheres;  double  that  ob- 
tained hi  the  Hugon  and  Lenoir  engines 
where  the  mixtures  before  explosion  were 
at  a  tension  of  atmospheric  pressure  only. 


Furthermore,  in  these  new  forms  the 
ignition  of  the  gases  is  gradual. 

The  two  ideas  of  previous  compression 
of  the  mixed  gases  and  a  gradual  com- 
bustion, instead  of  a  violent  explosion. 
distinguish  the  improved  engines  from 
the  old  forms. 

We  will  describe  these  systems  more 
particularly : 

The  Otto  engine  resembles  externally 
a  single  acting  steam  engine.  It  has  a 
single  horizontal  cylinder,  open  at  one 
end  and  closed  at  the  other,  with  a  head 
furnished  on  the  inner  side  with  a  coni- 
cal cavity.  The  piston  is  connected  by  a 
crank  with  the  shaft  of  the  fly-wheel. 
Behind  the  cylinder  is  the  supply 
chamber,  which  is  furnished  with  a 
direct  connection  with  the  main  shaft. 
The  piston  at  the  in-stroke  does  not 
reach  the  end  of  the  cylinder,  but  leaves 
a  space  equal  to  about  two  fifths  of  the 
capacity  of  the  cylinder.  This  is  the 
compression  chamber. 

The  cylinder  serves  the  double  pur- 
pose of  compression  pump  and  working 
cylinder,  which  is  perhaps  not  the  least 
of  the  characteristics  of  the  new  system. 

The  complete  cycle  of  motions  in  the 
Otto  engine  is  accomplished  only  by  two 
complete  revolutions  of  the  working 
shaft,  or  four  strokes  of  the  piston.  It 
comprehends  the  four  following  phases : 
viz. 

1st.  The  piston  makes  an  tip-stroke 
drawing  in  the  explosive  mixture  of  gas 
and  air; 

2d.  The  inlet  cock  closes  and  the 
piston  returns,  compressing  the  gaseous 
mixture ; 

3d.  At  the  moment  the  down-stroke  is 
completed  and  while  the  tension  of  the 
gases  is  somewhat  above  two  atmo- 
spheres, the  mixture  is  inflamed  and  the 
consequent  expansion  causes  the  piston 
to  make  an  tip-stroke ; 

4th.  The  piston  returns  driving  out 
the  expanded  and  cooled  gases. 

Thus  of  four  strokes  of  the  piston, 
only  one  (the  third)  conveys  motive  force 
to  the  shaft. 

The  second  consumes  power;  the 
other  two  have  no  appreciable  effect. 

Such  a  method  of  working  calls  for  a 
heavy  fly-wheel,  the  accumulated  work  of 
which  accomplishes  the  compression  of 
the  gases. 

A  special  regulator  to  the  engine  inter- 
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cepts  the  supply  of  gas  and  delays  the 
ignition  whenever  the  velocity  becomes 
too  great.  Furthermore,  the  engine 
works  without  noise — a  great  advantage 
over  the  Otto  and  Langen  motor. 

The  effective  working  power  of  the 
engine  is  of  course  the  difference  be- 
tween that  afforded  by  the  expansion  of 
the  gases  and  that  absorbed  by  the  com- 
pression. The  indicator  diagrams  show 
a  regular  curve  of  pressures  very  differ- 
ent from  the  line  of  abrupt  changes  ex- 
hibited by  the  Lenoir  engine. 

The  regular  decrease  of  pressure  in 
the  Otto  engine  is  due  to  the  method  of 
biuming  the  mixed  gases.  The  combus- 
tion is  retarded  so  that  the  heat  devel- 
oped is  absorbed  by  the  gases,  at  a  rate 
that  is  in  better  accord  with  the  motion 
of  the  piston. 

M.  Otto  has  accomplished  this  by  his 
method  of  mixing  and  admitting  his 
gases.  He  employs  two  different  mix- 
tures ;  one  of  fifteen  parts  air  to  one  of 
illuminating  gas,  which  he  calls  his 
"  feebly  explosive  mixture ;  "  the  other 
of  seven  parts  air  to  one  of  gas  is  called 
his  "  strongly  explosive  mixture." 

During  the  working  of  the  engine,  and 
at  the  moment  when  the  gases  are  about 
to  be  ignited,  the  contents  of  the  cylinder 
are:  products  of  the  preceding  explo- 
sion, atmospheric  air,  hydrogen  and  hy- 
dro-carbon gases.  These  are  not  uni- 
formly diffused,  but  owing  to  the  posi- 
tion and  action  of  the  valves,  the  most 
combustible  portion  is  at  the  bottom  of 
the  cylinder  at  the  point  of  ignition,  and 
the  combustibility  probably  decreases 
quite  regularly  from  the  bottom  of  the 
cylinder  to  the  piston. 

The  result  of  this  condition  is  a  pro- 
longed explosion,  and  the  force  of  expan- 
sion is  less  of  the  nature  of  a  shock  than 
in  the  previous  engines. 

In  order  to  insure  combustion  with 
proper  rapidity,  a  jet  of  "  strongly  explos- 
ive mixture"  is  made  to  traverse  the 
mass  at  the  critical  moment. 

Such  is  the  principle  of  action  of 
M.  Otto's  engine.  It  satisfies  the  the- 
oretic conditions  indicated  above.  That 
it  employs  heat  to  good  advantage  is  in- 
dicated by  the  small  loss  shown  by  the 
outside  cooling  of  the  cylinder.  Experi- 
ments prove  a  heating  of  35  litres  of 
water  per  hour  for  each  horse-p>ower,  the 
water  being  raised  from  10°  to  85°  C. 


This  is  2,520  units  of  heat ;  as  6,000 
units  are  generated  by  the  combustion, 
the  loss  is  42  per  cent.  The  loss  in  the 
Lenoir  engine,  according  to  M.  Tresca, 
was  85  per  cent. 

The  principle  of  compression  was  em- 
ployed in  the  hot  air  engines.  Ericsson 
and  Franchot  both  applied  it  in  their 
motors.  In  these  engines  it  has  a  double 
use :  at  first,  to  diminish  the  temperature 
to  which  the  air  must  be  raised,  and  so 
cliniinish  the  heating  which  is  pernicious 
to  these  engines,  and  then  also  a  reduc- 
tion of  the  size  of  the  parts  of  the  engine 
for  a  given  power  is  accomplished. 

But  if  the  previous  compression  is  so 
advantageous  in  the  working  of  the  en- 
gine, it  may  be  asked  is  it  equally  advan- 
tageous to  its  practical  performance  ?  In 
other  words,  is  the  advantage  gained  an 
adequate  return  for  the  work  expended 
in  compressing  the  gas"? 

Calculation  shows  that  the  same  quan- 
tity of  gas  not  compressed  would  yield  a 
greater  amount  total  of  motive  force,  but 
on  the  other  hand  the  loss  by  compres- 
sion is  compensated  by  a  better  utiliza- 
tion of  the  heat  generated. 

By  means  of  the  measurement  of  the 
lost  heat  mentioned  above,  it  is  found 
that  the  Otto  engine  is  nearly  three  times 
as  effective  as  either  the  Lenoir  or  Hugon 
engine. 

It  is  not  surprising  therefore  that  in 
place  of  2.7  metres  of  gas  consumed  for 
each  horse-power  per  hour,  the  Otto  en- 
gine yields  the  same  power  by  the  con- 
sumption of  one  cubic  metre  or  probably 
less  in  large  engines. 

The  principle  of  action  of  the  Simon 
engine  is  essentially  the  same  as  the 
Otto,  but  there  are  some  notable  differ- 
ences in  the  details.  The  compression  is 
performed  in  a  separate  cylinder;  upon 
the  admission  to  the  working  cylinder 
the  mixture  is  ignited  by  a  gas  flame 
kept  constantly  burning.  The  cylinders 
are  vertical  and  the  two  piston  rods  con- 
nect with  the  same  horizontal  shaft. 

The  admission  of  the  explosive  mix- 
ture and  the  escape  of  the  products  of 
combustion  are  managed  by  valves 
worked  by  cams  on  the  working  shaft. 
The  mixed  gases  are  admitted  in  a  series 
of  small  charges  and  inflamed  successi- 
vely, thereby  insuring  a  gradual  expan- 
sion.    This  method  affords  also  a  good 
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economy  of  heat,  a  very  small  quantity  of 
water  sufficing  to  keep  the  cylinder  cool. 

The  regular  variations  of  tension  in 
the  working  cylinder  were  sufficiently 
shown  by  the  indicator  diagrams  taken 
during  the  Exhibition.  The  curve  exhib- 
its some  slight  sudden  variations  upon 
the  opening  of  the  inlet  valve,  then  it 
rises  to  full  pressure  and  remains  for 
a  time  constant;  then  falls  nearly  to  at- 
mospheric pressure  at  the  opening  of  the 
escape  valve.  It  is  claimed  that  the  con- 
sumption of  gas  is  less  than  one  cubic 
metre  per  horse -power  per  hour. 

One  of  the  peculiarities  of  M.  Simon's 
plan,  is  the  use  of  steam  in  connection 
with  his  gaseous  mixture. 

It  was  an  idea  of  the  earlier  inventors 
— M.  Hugon  among  the  first,  to  reduce 
the  excessive  heat  in  the  cylinder  by  a  jet 
of  water.  But  it  proved  difficult  to  regu- 
late. M.  Simon  introduces  a  jet  of  steam 
from  a  boiler  heated  by  the  escaping 
gases.  The  water  supplied  to  the  boiler 
is  first  used  to  cool  the  working  cylinder. 
Thus  the  heat  which  tends  to  escape  is 
utilized.  Furthermore,  the  steam  in  the 
cylinder  tends  to  absorb  with  useful 
effect  any  excess  of  heat  resulting  from 
the  explosion,  and  also  acts  to  some  ex- 
tent as  a  lubricant  to  the  piston. 

M.  Simon  claims  to  have  obtained  re- 
sults superior,  in  point  of  economy  of 
working,  to  those  obtained  by  the  Otto 
engine. 

The  Bisschof  engine  belongs  to  the 
class  that  utilize  the  effects  of  an  ex- 
plosion to  drive  the  piston.  The  cylinder 
is  vertical  and  the  piston  rod  connects 
with  the  shaft  in  such  manner  as  to 
utilize  in  the  fullest  degree  the  effect  of 
expansion.  No  water  is  employed  for 
cooling  the  cylinder;  the  result  is 
secured  by  constructing  the  cylinder 
with  projecting  ribs  or  flanges  so  as  to 
expose  an  abundance  of  radiating  sur- 
face. 

Engines  of  small  size  only  have  thus 
far  been  constructed  on  Bisschof's  sys- 
tem. Most  of  those  made  have  been  de- 
signed to  run  sewing  machines  with  a 
capacity  of  -^T  to  \  a  horse  power.  The 
working  of  these  costs,  in  Paris,  two 
cents  an  hour  for  the  former,  and  only 
five  cents  for  the  latter  size. 

It  was  the  intention  of  the  inventor  to 
solve  the  question  of  furnishing  a  light 


motor  for  domestic  use.  Its  advantages 
are  : 

1st.  It  employs  no  water. 

2d.  It  possesses  great  stability  with- 
out specially  prepared  foundations. 

3d.  It  utilizes  as  completely  as  possible 
the  force  of  the  explosion,  by  the  long 
stroke  of  the  piston. 

4th.  All  shock  is  avoided  by  cushion- 
ing the  air  on  the  down  stroke. 

The  cylinder  is  heated  by  a  gas  burner 
a  few  minutes  before  starting,  otherwise 
the  moisture,  resulting  from  the  explo- 
sion, might  deposit  within  the  cylinder 
and  in  the  absence  of  oil  rust  it.  By 
starting  with  the  cylinder  heated  this  is 
avoided. 

The  Ravel  motor  could  not  be  shown 
at  the  Exposition  under  conditions  that 
would  permit  its  working. 

In  this  engine,  which  is  called  by  the 
inventor  moteur  a  centre  de  gravite  varia- 
ble, the  explosion  of  the  mixture  lifts  a 
heavy  piston.  The  cylinder  is  furnished 
with  trunnions  which  turn  in  bearings 
and  which  being  prolonged  form  the  axis 
of  the  machine.  An  explosion  chamber, 
either  attached  to  the  end  of  the  cylinder 
or  independent  of  it,  receives  the  ex- 
plosive mixture  where  it  is  ignited  by  a 
gas  flame ;  the  heavy  piston  is  thrown 
upward ;  the  reaction  forces  the  cylinder 
to  oscillate  like  a  pendulum,  and  as  at 
each  fall  of  the  piston  a  new  explosion 
gives  it  a  new  impulse,  the  oscillations 
are  continued.  The  time  of  fall  of  the 
piston  is  made  to  agree  with  the  vibra- 
tion of  the  cylinder,  by  varying  the  re- 
sistances to  the  rise  of  the  piston.  No 
experiments  have  been  tried  with  this 
engine  which  would  justify  the  expres- 
sion of  a  definite  judgment  in  regard  to 
its  efficiency,  though  the  principle  of 
its  action  does  not  forbid  the  expectation 
of  a  good  degree  of  economy- 
Having  thus  reviewed  the  gas  engines 
of  the  late  Exposition,  we  arrive  readily 
at  the  conclusion  that  the  progress  in 
this  direction  since  1867  has  been  very 
great.  The  improvement,  is  evidently 
not  alone  owing  to  the  ingenious  me- 
chanical devices,  but  also  to  a  closer 
study  of  the  utilization  of  heat.  The 
science  of  thermodynamics  teaches  us 
that  heat  and  motion  are  effects  of  the 
same  cause;  they  are  equivalent.  All 
loss  of  heat  is  loss  of  work  or  energy, 
and,  in  case  of  the  motors  just  consider- 


154 


VAN   NOSTRAND  S   ENGINEERING   MAGAZINE. 


ed,  the  lieat  produced  is  a  measure  of  the 
gas  employed  and  the  cost  of  the  motive 
power. 

The  exjjeuse  of  working,  therefore, 
depends  upon  the  proper  utilization  of 
the  heat.  This  expense  has  of  late  been 
much  reduced,  the  consmnption  of  2£ 
cubic  meters  in  the  Lenoir  engine  yield- 
ing the  same  useful  effect  as  is  obtained 
by  one  cubic  meter  in  the  Otto  engine. 

Some  improvement  had  previously 
been  made  it  is  true  in  Otto  and  Langen 
engines,  but  it  was  counterbalanced  by 
such  an  intolerable  noise  that  their  use 
has  been  generally  abandoned.  They  are 
in  vogue  only  in  Germany,  and  are  em- 
ployed there  to  the  astonishment  of  those 
people  who  attribute  to  our  neighbors  on 
the  Rhine  a  more  delicate  musical  ear 
than  oru's. 

The  motors  of  Otto  and  Simon  exhibit 
superior  qualities  in  the  way  of  economi- 
cal working.  If  at  present  the  Bisschof 
engine  does  not  possess  the  same  ad- 
vantage, it  still  merits  a  favorable  appre- 
ciation for  having  furnished,  in  so  com- 
plete a  manner,  a  solution  of  the  problem 
of  supplying  a  motor  of  one-man  power. 

"What  is  more  reasonable  than  to  expect 
of  our  gas  .companies  a  supply  of  heat 
and  force  as  well  as  light  ?  Many  light 
industries  which  require  machinery  might 
then  be  pursued  at  the  home  of  the  artisan. 

But  to  realize  this  extension  in  the 
application  of  gas  engines,  it  is  necessary 
that  the  fuel  should  be  cheaper.  If  heat- 
ing quality  alone  were  to  be  considered, 
gas  could  now  be  afforded  at  lower  cost. 
A  ton  of  coal  yields  about  300  cubic 
meters  of  illuminating  gas,  but  about 
double  that  quantity  of  combustible  gas 
of  good  heating  quality  could  be  obtained 
from  the  same  amount  of  coal. 

The  question  of  supplying  a  cheaper 
gas  for  heating  purposes,  is  worth  con- 
sidering by  our  gas  companies,  and  also 
whether  the  same  service  pipes  may  not 
serve  the  double  purpose,  furnishing  one 
kind  of  gas  by  day  and  another  by  night. 

In  thus  eulogizing  gas  engines,  it  is  not 
to  be  concluded  that  they  are  recommend- 
ed to  replace  steam  engines.  There  is  a 
use  for  all.  Gas  motors  will  compete 
with  small  steam  engines  or  with  water 
engines ;  and  in  places  where  neither  gas 
nor  water  power  is  easily  obtained,  hot 
air  engines  may  properly  be  preferred. 

In    concluding   this   glance   at  recent 


j  progress,  the  wish  may  be  expressed  that 
this  advance  towards  the  amelioration  of 

I  hiunan  toil  shall  not  be  checked,  but  that 

!  the  end  may  be  soon  reached  in  which  all 
of  man's  intelligence  shall  be  demanded, 
and  almost  nothing  of  his  muscular 
strength.     Although  we  are  yet  far  from 

j  this  desideratum  this  consoling  thought 
remains  to  us,  when  from  this  point  of 
view  we  compare  our  epoch  with 
antiquity.  In  place  of  the  sad  inscrip- 
tion "  Sale  of  Slaves "  in  the  market 
place,  we  read  on  modem  sign-boards 
"Motive-power  to  sell." 


REMARKS    BY    THE    PRESIDENT,    M.    TRESCA. 

I  ask  pennission  to  call  attention  a 
little  more  particularly  to  two  points  in 
the  discussion  which  has  been  so  well  pre- 
sented by  M.  Armangaud. 

If  I  estimate  correctly  the  old  engines 
of  Hugon  or  Lenoir  consuming  2,500 
litres  per  horse-power  per  hour,  woidd 
cost,  at  the  present  price  of  gas  in  Paris, 
75  centimes  per  hour,  as  one  horse-power 
is  75  kilogrammeters  per  second,  it  fol- 
lows that  power  at  the  rate  of  one  kilo- 
grammeter  per  second  costs  one  centime 
per  hour.  If  we  reckon  the  work  of  a 
man  turning  a  crank  at  five  kilogramme- 
ters, it  results  from  the  above  estimate 
that  the  cost  of  this  labor  performed  by 
the  gas  engines  is  five  centimes  per 
hour. 

The  later  improvements  however  yield 
such  results  that  one  nian-power  per 
hour  is  afforded  for  two  and  a  half  cen- 
times. But  the  machines  of  the  Exposi- 
tion of  1867  yielded  as  good  results  as 
this.  There  lias  been  no  great  improve- 
ment in  economy  of  consumption  in  ten 
years.  The  problem  presented  now  is  to 
furnish  an  economical  motor  whose  di- 
mensions are  only  such  as  is  required  for 
driving  light  machines,  and  of  which  the 
consumption  of  fuel  shall  be  in  the  same 
proportion  as  the  larger  engines. 

The  gas  engine  would  seem  to  be  de- 
pendant upon  gas  distribution.  But  a 
good  substitute  is  afforded  by  a  mixture 
of  volatile  vapors  with  atmospheric  air, 
and  the  results  obtained  are  nearly  or 
quite  equivalent  to  those  from  the  con 
sumption  of  gas. 

I  add  these  remarks  because  the  gas 
engine  thus  modified  is  a  motor  in  which 
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heat  is  transformed  into  work  in  the  best 
possible  manner,  and  I  have  far  more 
confidence  in  the  future  success  of  these 
modifications  of  the  gas  motor  than  I 


have  in  the  hot  air  engines,  which  re- 
quire so  much  more  space  and  do  not 
conform  readily  to  the  theoretic  condi- 
tions of  the  problem. 


DISCHARGE  OF  SEWAGE  INTO  THE  SEA. 

By  HENRY  ROBINSON,  C.  E. 
From  "Journal  of  the  Society  of  Arts." 


A  very  general  impression  prevails 
that  if  a  town  is  situated  close  to  the 
sea  it  is  necessarily  in  a  more  advanta- 
geous position  than  inland  towns,  re- 
specting the  disposal  of  its  sewage,  as  it 
has  only  to  avail  itself  of  its  proximity 
to  the  sea  to  get  rid  of  its  sewage  by 
discharging  into  it.  That  this  is  an  er- 
roneous impression  the  experience  of 
most  of  our  watering  places  proves,  and 
it  is  therefore  desirable  to  ofier  a  caution 
to  those  who  are  contemplating  adopting 
a  similar  course.  In  the  Local  Govern- 
ment Board  Blue-book  of  1876,  one  of 
the  conclusions  arrived  at  is  as  follows  : 
— "  That  towns,  situate  on  the  sea-coast, 
or  on  tidal  estuaries,  may  be  allowed  to 
turn  sewage  into  the  sea  or  estuary,  be- 
low the  line  of  low  water,  provided  no 
nuisance  is  caused ;  and  that  such  mode 
of  getting  rid  of  sewage  may  be  allowed 
and  justified  on  the  score  of  economy." 
This  has  been  often  quoted  as  encourag 
ing  the  adoption  of  this  method  of  sew- 
age disposal,  and  it  is  to  be  regretted 
that  the  report  gives  no  data  whatever 
(such  as  are  abundantly  available)  by 
which  the  qualifying  expression,  "  pro  • 
vided  no  nuisance  is  caused,"  would  be 
shown  to  apply  to  a  great  number,  if  not 
the  majority  of  cases.  It  might  have 
been  stated  that,  to  avoid  a  nuisance,  the 
sewage  must  be  discharged  into  the  sea 
at  a  point  not  only  below  low  water, 
but  where  there  is  a  well-ascertained  cur- 
rent which  would  carry  it  permanently 
seaward.  A  point  of  discharge  comply- 
ing with  these  conditions  is  but  seldom 
found  to  exist  close  to  the  town,  but  has 
to  be  reached  by  long  and  costly  outfall 
sewers,  or  rather  tunnels.  At  the  outfalls 
there  should  be  a  continuous  movement 
seaward  during  the  twenty -four  hours, 
instead  of  an  oscillating  action   to  and 


fro,  resulting  in  a  return  of  the  sewage 
and  its  deposition  along  the  shore,  not 
only  at  the  outfall  and  in  its  immediate 
neighbourhood,  but  also  at  distant  places 
to  which  tne  tide  carries.  The  writer  has 
had  occasion  to  inspect  many  watering 
places  where  the  foreshore  is  being  dis- 
tinctly polluted  in  this  way.  At  first  the 
mischief  is  not  great,  and  only  traces  of 
the  sewage  are  visible ;  but  in  time  it  be- 
comes serious,  and  the  knowledge  of  the 
existence  of  sewage  pollution  on  the  fore- 
shore causes  the  place  to  be  avoided  by 
those  who  hitherto  have  resorted  to  it. 
The  grievance  is  not  a  merely  senti- 
mental one,  as  the  exhalations  along  the 
foreshore  from  sewage  accretions  at  low 
tide  involve  not  only  offensive  smells, 
but  also  a  danger  to  health. 

The  difficulties  attending  the  discharge 
of  sewage  into  the  sea  would  be  dimin- 
ished were  it  not  that  it  has  a  higher 
temperature  and  a  lower  specific  gravity 
than  sea  or  river  water,  which  causes  it 
to  rise  to  the  surface  ;  and  if  it  is  not  car- 
ried seaward  at  once,  part  of  the  sus- 
pended solid  impurities  are  deposited  on 
the  coast  wherever  there  is  still  water 
and  no  tidal  current,  whilst  the  rest  of 
the  suspended,  together  with  the  dis- 
solved, impurities  float  on  the  surface, 
and  are  carried  backwards  and  forwards 
by  every  tide,  decomposing  and  liberat- 
ing gases  (sulphuretted  hydrogen  being 
one  of  the  most  offensive)  injurious  to 
health  and  polluting  the  air. 

In  some  cases,  by  means  of  long  out- 
fall sewers,  the  sewage  is  carried  clear 
away  from  the  place  producing  it.  as  at 
Brighton.  These  practically  become 
elongated  cesspools,  in  which  noxioiis 
gases  are  generated,  and  are  liable  to  be 
forced  back  into  the^  town  drains,  and 
thence  into  the  houses.     In  these  long 
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outfalls,  also,  the  solids  deposit  and  in- 
volve both  expense  and  difficulty  to  re- 
move. Even  if  the  places  producing  the 
sewage  really  get  rid  of  it  in  this  way, 
they  are  frequently  simply  transferring  it 
to  others,  a  set  of  the  tide  carrying  it  so 
as  to  cause  mischief  and  nuisance  else- 
where. No  better  illustration  of  this 
can  be  given  than  the  experience  of  Mar- 
gate. The  authorities  there  proposed, 
after  much  competition  amongst  rival 
engineers,  to  adopt  a  scheme  by  which 
the  sewage  was  to  be  discharged  into  the 
sea  in  a  bay  about  a  mile  and  a  half  east- 
ward of  the  town,  where  it  turned  out 
that  there  was  practically  no  current 
seaward,  so  that,  had  the  scheme  been 
carried  out,  the  coast  there  would  have 
been  permanently  polluted,  as  the  sewage 
would  have  risen  and  dropped  with  the 
tide,  evolving  all  kinds  of  dangerous  and 
offensive  gases,  which  would  have  effec- 
tually driven  visitors  away,  and  have  de- 
preciated to  a  serious  extent  the  value  of 
the  neighboring  property.  Ramsgate  is 
in  a  similar  difficulty,  and  many  other 
places  could  be  cited  where  it  is  a  matter 
of  serious  concern  how  to  deal  with  the 
sewage.  The  authorities  are  compelled 
to  drain  their  towns,  and  the  very  effort 
they  make  to  comply  with  the  sanitary 
requirements  of  the  day  appears  to  in- 
volve them  in  almost  greater  difficulties. 
There  is  only  one  way  safely  of  dealing 
with  sewage  at  seaside  places  where  the 
tidal  currents  are  not  clearly  favorable, 
and  that  is  to  deodorize  the  sewage  be- 
fore it  is  discharged  into  the  sea. 

The  authorities  of  Glasgow  have  had 
the  question  of  how  to  get  rid  of  their 
sewage  under  consideration  for  a  long 
while.  A  Royal  Commission  investigated 
this  case,  and  although  the  result  of  this' 
was  to  advise  the  adoption  of  a  scheme 
to  carry  the  sewage  twenty-seven  miles 
in  a  tunnel  to  the  sea,  at  enormous  cost, 
and  although  this  advice  was  similar  to 
that  previously  given,  the  authorities 
took  the  matter  into  their  own  hands,  and 
-appointed  a  committee  of  their  body, 
which  has  recently  presented  an  exceed- 
ingly able  and  interesting  report,  giving 
the  results  of  their  investigations.  The 
conclusion  they  arrive  at  is  not  to  adopt 
the  recommendations  to  discharge  their 
sewage  into  the  sea,  but  to  discharge  it 
into  the  River  Clyde  after  it  .has  been 
purified  by  chemical  treatment. 


"Where  there  is  a  risk  of  nuisance, 
either  to  the  place  to  be  drained  or  to  its 
neighbors  (which  is  equally  important), 
by  discharging  sewage  into  the  sea.  a 
clarification  and  deodorization  of  the 
sewage  can  be  easily  and  cheaply  effected. 
No  attempt  to  arrest  the  solids  in  catch- 
ment tanks  can  possibly  be  satisfactory, 
inasmuch  as  they  only  remove  a  very 
small  portion  or  the  solids,  and  become 
huge  cesspools,  which  have  to  be  cleared 
out  at  intervals,  with  a  certainty  of 
causing  great  nuisance.  Filtration  is  also 
not  admissible,  as  the  filters  soon  get  in- 
operative, and  become  in  addition  as  great 
a  nuisance  as  catchment  tanks.  By  deo- 
dorizing the  sewage  the  first  difficulty  is 
overcome,  as  the  sewage  is  no  longer  of- 
fensive. 

There  has  hitherto  been  much  preju- 
dice against  chemical  treatment,  which  is, 
however,  .  disappearing,  as  it  has  been 
abundantly  proved  that  sewage  can 
thereby  be  deprived  of  its  offensive  pro 
perties  by  simple  and  inexpensive  means. 
The  disposal  of  the  semi-fluid  sludge  has 
been  a  difficulty  which  the  writer  has  had 
to  give  much  attention  to,  and  he  has 
employed  several  methods  of  converting 
it  into  a  por  table  form.  The  plan  which 
he  has  found  the  best  is  to  remove  a 
great  part  of  the  moisture  from  the 
sludge  by  means  of  a  simple  filter  press. 
A  model  of  this  press  (which  is  an  auto- 
matic modification  of  an  old  construction 
of  press)  has  been  £>laced  in  the  Exhibi- 
tion of  Sanitary  Appliances.  By  an  ap- 
pliance of  this  kind,  the  sludge  has  the 
bulk  of  its  water  pressed  out,  and  the 
consequent  reduction  both  in  mass  and 
consistency  enables  the  sludge  to  be 
better  removed  and  utilized,  or  dealt  with 
in  any  other  way. 


An  amusing  result  has  followed  an  ex- 
hibition of  gas  apparatus  at  Wolverhamp- 
ton. Some  of  the  exhibitors  decline  to 
accept  the  medals  awarded  them  for 
the  very  adequate  reason  that  the  judges 
were  utterly  incompetent.  In  one  case 
a  medal  was  awarded  to  a  stove  which 
could  not  even  be  entered  in  the  class, 
and  which,  as  a  matter  of  fact,  was  not 
even  in  the  exhibition  at  the  time  the 
award  was  made.  One  of  the  jurors  did 
not  know  what  was  meant  by  a  Bunsen 
burner !  And  yet  the  public  buy  in  blind 
faith  in  medals. 
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From  "  Iron. 


At  the  late  Sanitary  Congress  at  Staf- 
ford, an  address  on  Workshop)  Sanitation 
was  read  by  Dr.  J.  T.  Arlidge,  which, 
though  its  object  was  to  treat  alone  of 
the  sanitary  conditions  and  regulations 
at  work  where  pottery  is  made,  contained 
so  many  observations  and  suggestions  of 
interest  to  all  classes  of  workshop  owners 
and  employers  that  we  think  its  repro- 
duction here  will  be  profitable.  The  fol- 
lowing is  the  text : — 

Among  the  hygienic  conditions  and 
svirroiindings  of  various  manufactures, 
experience  and  observation  have  con- 
vinced me  that  we  must  make  a  distinc- 
tion between  those  inseparable  from,  and 
those  only  incidental  to,  the  manufactur- 
ing processes  themselves,  and  that  for 
the  greater  number  of  occupations  and 
operating  more  energetically  as  factors 
in  inducing  disease,  the  latter  play  the 
more  important  part.  This  statement, 
in  other  words,  amounts  to  this — that 
with  regard  to  the  multiform  occupations 
pursued  in  this  country,  the  nature  of 
the  occupations  is  undeservedly  blamed, 
in  the  case  of  the  majority  of  them,  for 
the  ill  consequences  to  the  health  of  those 
engaged  in  them.  Now  I  propose  in  this 
paper  to  deal  with  a  manufacture  in 
which  the  essential  conditions  and  sur- 
roundings are  really  fraught  with  danger 
to  health ;  nevertheless,  I  shall  be  able 
to  show  that  the  non-essential  or  acci- 
dental surroundings  are  accountable  for 
very  much.  To  guard  myself  against 
nnsunderstanding,  however,  I  need  re- 
mark that  the  line  between  essential  and 
non-essential  conditions  of  manufacture 
cannot,  in  all  particulars,  be  distinctly 
drawn ;  and  that,  in  more  or  fewer  of 
them,  some  will  overlap  others. 

For  example,  take  the  case  of  dust, 
which  is  the  most  prolific  agent  in  in- 
ducing disease  amongst  potters,  we  may 
fairly  regard  it  as  inseparable  from  the 
processes  of  the  trade,  because  the  ma- 
terial cannot  be  handled  in  accordance 
with  the  necessities  of  trade  without  giv- 
ing off  fine  dust ;  yet,  on  the  other  hand, 
the  amount  of  dust  thrown  off  may  be 
lessened  by  care,  attention  and  cleanli 
ness,  and,  further,  may  be  dispersed  and 


driven  away  by  efficient  ventilation.  Still, 
notwithstanding  this  inability  to  accura- 
tely separate  the  essential  from  the  non- 
essential conditions  of  manufacture,  I 
regard  it  as  important  and  practically 
most  valuable  to  make  the  attempt ;  and 
firstly,  let  me  briefly  sketch  the  condi- 
tions or  surroundings  of  the  pottery 
manufacture,  which  are  non-essential,  ac- 
cidental, or  outside  the  calling,  but  yet 
are  answerable  for  more  or  less  sickness, 
suffering  and  death  amongst  those  en- 
gaged in  it.  Of  this  whole  class  of  mor- 
bific agencies  I  may  predicate  that  they 
are  preventable.  I  do  not  assert  that 
practically  they  can  all  be  removed  and 
annihilated,  but  that  we  possess  known 
remedies  against  them  capable  of  being 
more  or  less  efficiently  applied. 

The  first  in  order  I  shall  name  is  de- 
fective construction  of  workshops.  In 
respect  of  this  matter  the  manufacturers 
in  the  Potteries  suffer,  as  do  also  those 
in  other  places,  whatsoever  be  the  occu- 
pation carried  on,  by  the  sins  of  their 
forefathers.  They  inherit  old  biuldings 
erected  ere  sanitation  had  made  good  its 
existence.  Their  demolition  and  recon- 
struction is  an  affair  representing  capital 
expended  and  the  tendency  is  to  ''make 
them  do  "  until  better  days  dawn,  or  pro- 
gressive dilapidation  enforces  destruc- 
tion. Now,  a  fairly  diligent  inspection 
of  the  buildings  used  for  the  making  of 
china  and  earthenware — or,  to  use  the 
comprehensive  term  of  the  district,  of  the 
banks — will  reveal  too  many  shops  or 
workplaces  wretchedly  built,  at  times  in 
bad  repair,  with  wet  dirty  floors,  damp 
walls,  low  ceilings,  scarcely  high  enough 
for  a  tall  man  to  stand  under,  full  of 
draughts,  yet  not  ventilated,  and  with 
every  trade  appliance  or  fitting  covered 
with  a  coating  of  dust  of  variable  thick- 
ness. If  these  be  the  features  of  but  a 
few,  there  are  more  to  be  found  which, 
though  less  unfit  as  places  of  labor,  are 
yet  far  from  being  what  they  ought 
to  be. 

Defective  elevation  of  rooms,  and  in  its 
train  draughts  and  bad  ventilation  are 
far  too  generally  formd.  Another  com- 
mon structural  defect  is  the  absence  of 
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a  plaster  ceiling  in  workshops  having 
others  over  them,  and,  as  a  consequence, 
the  precipitation  of  dust  from  the  upper 
floor  to  that  beneath  it.  Another  pre- 
vailing structural  defect  is  to  be  found  in 
the  mipaved  yards,  and  in  the  absence  of 
waterspouts  and  drains  to  conduct  rain- 
water away  into  the  sewers.  The  con- 
sequence is  wretchedly  sloppy  and  muddy 
courts  and  approaches,  and  concurrently 
wet  feet  and  drabbled  dresses,  and  the 
accessories — colds,  coughs  and  rheuma- 
tism. Again,  efficient  ventilation  is  a 
thing  far  too  widely  neglected  in  pottery 
workshops,  particularly  when  considered 
in  connection  with  the  prevalence  of  dust, 
pervading  especially  those  shops  in  which 
the  clay  is  thrown,  moulded,  or  turned, 
or  in  which  scouring  and  dipping  of  the 
ware  are  carried  on.  The  position,  the 
size  and  the  construction  of  the  windows 
as  to  the  mode  of  opening  and  closing 
them,  are  such  as  to  make  ventilation 
difficult,  or  even  almost  impossible.  Add 
to  these  impediments  to  ventilation  the 
frequent  mode  of  warming  by  what  are 
called  pot-stoves,  which,  standing  about 
the  middle  of  the  rooms,  heat  and  unduly 
dry  the  air  around  them  by  their  highly- 
heated  or  even  red-hot  iron  surface, 
whilst  causing  at  the  same  time  very 
little  atmospheric  movement  upwards 
through  the  small  iron  chimney  flue, 
and  yet  ever  and  anon  dispersing  into 
the  apartment  an  inconvenient  sup- 
ply of  smoke.  It  is  no  new  thing 
to  condemn  these  pot-stoves  as  in- 
sanitary ;  but,  for  my  part,  I  am  almost 
equally  disposed  to  condemn  their  mo- 
dern innovators,  the  hot-water  and  steam- 
pipes,  which  have  found  their  way  into 
several  recently  erected  factories.  For 
this  system  of  warming,  when  adopted, 
as  too  frequently  happens,  without  cor- 
responding arrangements  for  ventilating, 
is  but  a  system  of  enervating  the  work- 
people submitted  to  it,  and  provocative  of 
evils  as  great,  perhaps,  as  that  of  the  cold  it 
is  used  to  guard  against.  Indeed,  I  main- 
tain that  it  is  better  for  a  man  at  active 
employment  to  do  without  artificial 
warmth  from  a  heating  apparatus  of  the 
sort  in  question.  The  mischief  to  con- 
tend against  is  the  separation  of  the 
heating  from  the  ventilating  process. 
When  the  former  is  attained  apart  from 
the  latter,  or  the  latter  is  let  shift  for  it- 
self, the  air  of  the  apartment  soon  be- 


:  comes  insufferable,  doors  and  windows 
are  opened,  and  draughts  and  colds  fol- 
low, and  inflict  their  injurious  conse- 
quences upon  people  peculiarly  sensitive 
[  to  them  by  reason  of  the  heated,  almost 
i  motionless,  air  previously  surrounding 
I  them.  So  far  as  concerns  the  pottery 
hands,  it  must  be  admitted  they  are  dif- 
,  ficult  to  deal  with  in  this  matter  of  ven- 
tilation. They  have  a  morbid  dread  of 
cold  air,  and  are  unluckiy  in  large  num- 
bers the  victims  of  chest  affections.  As 
a  consequence,  they  are  prone  to  stuff  up 
ventilators,  to  cover  over  any  sort  of 
apertures  by  which  the  outer  air  is  to  be 
admitted  into  the  room,  and  to  deliver 
themselves  up  to  a  warm,  stagnant,  effete 
air  laden  with  particles  of  dust.  That 
man  would  be  a  public  benefactor  who 
could  invent  a  simple  plan  for  ventilating 
and  warming  the  workrooms  of  potters, 
and  persuade  them  at  the  same  time  to 
give  it  a  fair  trial.  Overcrowding  of 
shops  is  a  further  insanitary  condition 
not  essential  to  any  process  in  the  manu- 
facture of  pottery.  According  to  my  ob- 
servation, it  is  likewise  a  widely  spread 
one ;  but  I  trust  that  the  better  defined 
sanitaiy  requirements  of  the  new  Factory 
and  Workshop  Act  will  gradually  dimin- 
ish this  evil. 

In  the  manufacture  of  pottery  the  use 
of  machinery  has  heretofore  found  little 
application.  It  is  now  slowly  making 
its  way ;  but  for  its  adoption  to  any  large 
extent  it  will  be  necessary  to  replace  old 
factories  by  new  ones,  the  arrangement 
and  relative  situation  of  the  shops  of 
most  old  factories  rendering  the  adapta- 
tion of  machinery  impracticable  or  else 
too  costly.  The  use  of  machinery  would 
exert  a  beneficial  influence  upon  the 
health  aspects  of  the  manufacture.  The 
introduction  of  presses  for  preparing  the 
clay,  in  place  of  the  old  process  of  eva- 
poration and  plunging,  by  men  exposed 
constantly  to  an  atmosphere  of  steam, 
and  to  the  influx  of  cold  air  at  the  same 
time  from  the  half-enclosed  shed  in 
which  the  work  was  carried  on,  is  a 
movement  in  favor  of  the  health  of  pot- 
ters. So,  again,  is  the  adoption  of  the 
pug-mill,  to  replace  in  great  measure,  or 
wholly,  the  process  of  wedging  the  clay. 
I  can  point  to  other  examples,  in  the  use 
of  steam  to  turn  the  jiggers,  the  turners' 
lathes,  and  the  thrower's  wheel ;  and  I 
could  well  wish  to  see  the  like  mechanical 
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agency  more  widely  patronized ;  for  my  ex- 
perience as  infirmary  physician  has  shwon 
me,  in  numerous  instances,  the  injurious 
results  to  health  of  girls  and  young  women 
employed  in  lathe  and  wheel  turning.  ■ ;  g 

Not  actually  pertaining  to  machinery, 
yet  allied  to  it,  are  the  arrangements  now 
pretty  generally  used  in  substitution  of 
the  old  "hot  closets,"  in  and  out  of  which 
boys  were  kept  continually  running,  with 
great  detriment  to  health,  from  the  ex- 
cessive heat  and  ever-recurrent  exposure 
to  chills.  These  improvements  in  ma- 
chinery and  in  mechanical  appliances 
must  be  seen  to  be  understood.  I  will 
now  pass  to  another  set  of  conditions  un- 
favorable to  health,  for  which  neither  the 
manufacturing  processes  nor  the  struc- 
tural defects  of  the  factories  are  to  blame. 
I  allude  to  the  habits,  the  food  and  the 
clothing  of  the  workpeople.  But  to  suffi- 
ciently discuss  these  matters  would  carry 
me  far  beyond  the  limits  of  a  paper  like 
the  present.  Let  me  say,  in  brief,  that 
there  is  very  far  too  much  indulgence  in 
intoxicating  drinks,  irregularity  in  living, 
indifference  and  carelessness  in  the 
selection  and  preparation  of  food,  neglect 
of  cleanliness,  pride  and  folly  in  dress. 
I  do  not  say  these  defects  are  peculiar  to 
potters.  I  fear  they  prevail  generally 
among  factory  hands  as  a  class ;  but  I 
fancy  they  are,  as  a  whole,  more  produc- 
tive of  disease  among  potters  than  among 
other  artisans,  because  by  their  associa- 
tion with  concurrent  causes  of  sickness 
found  in  the  occupation  itself,  their 
power  to  do  mischief  is  enhanced.  For 
instance,  the  most  fertile  source  of 
disease  is  the  dust  of  potteries,  and  the 
morbid  resultant  affections  of  the  lungs, 
wherefore  the  indulgence  in  alcoholic 
drinks,  which  load  the  vessels  and  lungs 
with  carbonaceous  matter,  and  otherwise 
prejudice  the  respiratory  act,  prepares 
the  way  and  facilitates  the  action  of  the 
active  morbific  agent,  the  inhaled  dust. 

I  will  now  turn  to  the  conditions  es- 
sential to  the  occupation  of  potters,  or  if 
not  positively  essential,  at  least  practi- 
cally inseparable  at  present  from  it.  The 
first  to  be  noted  is  dust.  This  is  evolved 
from  the  materials  used  in  the  manufac- 
ture of  pottery ;  the  china  and  blue  clays, 
the  stone  and  the  powdered  flint.  It  is 
a  mineral  dust,  and  extremely  fine,  con- 
sisting mainly  of  silicious  particles.  It 
enters  the  air-passages,  and  finds  its  way 


into  the  bronchial  tubes,  great  and  small, 
where,  as  a  direct  irritant,  it  sets  up  a 
slow,  inflammatory  action,  ending  in  al- 
tered pulmonary  tissue — so  altered  by 
condensation  and  other  changes  as  to  be 
useless  for  the  purpose  of  respiration. 
This  dust  is  apparent  in  the  air,  and  is 
seen  covering  all  objects  in  the  work- 
shops as  well  as  the  clothing  of  the  pot- 
ters themselves.  Some  processes  are 
more  dusty  than  others,  but  none  of  them 
in  which  the  clay  is  worked  up  into  the 
forms  desired  are  free  from  it.  In  the 
finishing  departments  of  painting,  gild 
ing  and  burnishing,  the  clay  is  trans- 
formed into  china  and  earthenware,  and 
no  dust  consequently  come  from  it.  We 
have,  therefore,  an  obvious  and  direct 
cause  of  disease  existent  in  the  dust  given 
off  from  the  yet  unbaked  clay,  and  its 
evolution  to  some  extent  appears  inevita- 
ble. As  a  matter  of  course,  it  is  used  in 
a  moist  or  plastic  condition ;  but  its  sur- 
face rapidly  dries,  and  readily  breaks 
down  into  a  fine  powder  on  touching,  as 
shown  by  its  soiling  the  hands.  In  sonie 
processes,  particularly  ha  that  of  turning, 
the  lathe  separates  fine  shavings  from 
the  surface  of  the  vessels,  still  in  the 
"green"  state,  and  with  them  more  or 
less  of  the  clay  in  fine  particles  and  in 
powder.  The  disposition  of  the  surface 
to  dry  and  form  a  pulverulent  film  is  in- 
creased by  the  heat  of  the  work-rooms. 
Therefore,  for  preventive  measures,  we 
must  seek  such  as  will  lessen  the  heat  of 
shops,  and  the  formation  on  the  surface 
of  the  unbaked  ware  of  a  dry,  powdery 
film,  and  withal  such  ventilation  as  shall 
disperse  the  dust  generated,  and  expel  it 
from  the  work-rooms.  Airy,  well  venti 
lated,  and  comparatively  cool  shops  con- 
stitute the  primary  hygienic  requirements 
in  the  manufacture  of  pottery.  Subsi- 
diary to  these  are  plans  for  laying  the 
dust  by  sprinkling  the  floor,  the  observ- 
ance of  all  means  of  cleanliness,  both  of 
the  shops  and  the  persons  employed  ;  bi;t 
it  is  painful  to  add  that  these  minor 
measures  to  remove  a  patent  cause  of 
disease  are  greatly  neglected.  I  would 
throw  it  out  suggestively  how  far  it 
might  be  possible  to  remove  the  dust 
from  the  atmosphere  by  employing  from 
time  to  time  forcible  jets  of  steam. 
These  we  may  imagine  would  induce  the 
precipitation  of  much  dust  and  lessen  the 
dry  heat  of  the  air. 
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Clima-scouring  lias  been  especially 
singled  out  as  most  noxious  to  those  en- 
gaged in  it,  by  reason  of  the  dust  gen- 
erated and  the  pecularly  irritating  qual- 
ity  of  that  silicious  dust.  It  is  an 
occupation  of  women,  and  consists  hi 
scouring  the  flinty  dust  from  the  surface 
of  the  china  cups  and  other  articles.  It 
is  very  provocative  of  lung  disease,  al- 
though not  in  the  terrible  ratio  some 
have  reported.  The  mode  in  which  the 
work  is  carried  on  seems  certainly  to 
place  it  within  the  scope  of  remedial 
measures.  These  must  be  in  plans  for 
withdrawing  the  dust  from  the  workers  as 
they  sit  at  the  bench  with  the  wrare  be- 
fore them,  and  it  seems  to  me  very  fea- 
sible to  effect  this  by  having  a  perforated 
bench  allowing  the  dust  to  fall  through, 
or  rather  to  be  forcibly  drawn  through 
into  an  inclosed  trough  or  cylinder  below, 
in  which  a  constant  process  of  exhaustion 
of  the  air  is  effected  by  the  rapid  revolu- 
tion of  a  fan  at  its  open  end,  driven  by  ma- 
chinery. The  perforated  bench  and  sub- 
jacent trough  have  been  adopted,  but  the 
withdrawing  force  relied  upon  has  been 
the  suction  power  of  a  heated  chimney 
with  which  the  trough  has  been  con- 
nected. But  this  plan  is  better  in  theory 
than  in  practice.  The  chimney  has  not  a 
constant  and  equal  draught,  and  if  the 
shop  become  heated  when  the  chimney  is 
cool,  the  current  will  be  reversed,  and  no 
dust  will  be  extracted  through  the  per- 
forations. 

Another  expedient  preventive  of  the 
ill  consequences  of  dust  inhalation  is  the 
use  of  respirators  worn  over  the  mouth 
and  nose.  There  can  be  doubt  of  their 
efficiency  in  sifting  the  dust  from  the  air 
before  it  enters  the  respiratory  passages, 
but  the  difficulty  is  to  get  the  workpeople 
to  use  them.  There  is  on  their  part  a 
recklessness  and  an  indifference  to  con- 
sequences ;  the  respirators  increase  the 
effort  to  breathe,  and  they  feel  hot  and 
uncomfortable.  But  what  is  more  fatal 
to  their  adoption  is,  they  are  innovations 
on  the  usages  of  trade,  and,  above  all, 
they  subject  their  wearers  to  the  jibes 
and  jeers  of  their  fellow  workers,  and  no 
class  of  people  are  more  sensitive  to 
jests,  or  have  so  little  moral  courage  in 
regard  to  the  introduction  of  novelties  as 
factory  workmen  and  workwomen.  In 
very  many  factories  the  evils  of  dust 
might  be  reduced  by  the  re-arrangement 


of  shops  and  of  the  several  branches  of 
labor.  As  said  before,  some  branches 
are  more  dusty  than  others,  and  it  is  not 
uncommon  to  carry  on  two  or  more  branch- 
es in  the  same  workplace,  so  that  all 
therein  employed  are  exposed  to  the 
whole  of  the  disadvantages  of  processes 
which  otherwise  would  be  restricted  to  a 
few. 

But,  besides  dust,  there  are  other  con- 
ditions of  labor  inherent  in  it.  For  in- 
stance, the  position  taken  during  work  is 
unfavorable  to  the  normal  action  of  the 
chest  walls.  This  happens  to  throwers 
and  iDressers.  In  the  handle-making 
branch  there  is  rapidly  repeated  pressure 
upon  the  lower  part  of  the  chest ;  and  in 
all  the  finishing  processes  the  position  in 
sitting  is  more  or  less  constrained.  On 
the  other  hand,  in  the  case  of  lathe 
treaders,  there  is  undue  fatigue  in  stand- 
ing and  in  the  exertion,  by  a  sort  of  per- 
petual jumping  on  one  foot,  of  treading 
the  footboard  or  treadle. 

There  is  yet  one  more  department  of 
pottery  labor  destructive  of  health  which 
I  must  mention  in  order  to  give  my 
paper  any  semblance  of  completeness. 
It  is  the  department  of  dipping.  In 
order  to  put  the  impervious  glaze  on  the 
ware  after  firing  in  the  biscuit-oven,  it  is 
dipped  into  a  mixture  of  lead  and  borax, 
combined  with  other  materials,  which 
have  previously  been  all  fused  together 
into  a  vitreous  substance,  then  groiuid 
down  into  fine  powder,  and  mixed  with 
water.  The  lead  of  the  glaze  is,  of  course, 
a  poisonous  ingredient,  and,  as  a  conse- 
quence, those  engaged  in  dipping  the 
ware  are  the  subjects  of  severe  colic  and 
of  paralysis  in  various  and  often  very  ag- 
gravated forms.  Could  lead  be  eliminated 
from  the  glaze  one  great  source  of  disease 
of  the  potter's  craft  would  be  abolished. 
I  am  told  that  the  proportion  of  lead 
used  is  not  so  great  as  formerly,  and 
that  an  increased  quantity  of  borax  may 
be  substituted  for  the  poisonous  metal. 
Whether  this  be  so  or  not  is  a  question 
for  chemists,  and  it  would  be  a  happy 
day  could  these  scientific  gentlemen  con- 
trive a  new  form  of  glaze  of  non-poison- 
ous quality.  Probably  some  lead  is  ab- 
sorbed by  the  skin  of  the  dippers,  whose 
hands  and  arms  are,  practically  speaking, 
immersed  in  the  glaze  during  the  period 
they  are  at  work.  But  my  impression  is 
;  that  the  lead  finds  its  way  into  their  sys- 
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tern  chiefly  in  the  form  of  dust  inhaled 
by  the  mouth  and  nose.  The  glaze 
most  rapidly  dries  on  the  absorbent  sur- 
face of  the  ware,  whilst  the  clothes  of  the 
worker  become  bespattered  with  it,  and 
every  surrounding  object  betokens  the 
formation  and  presence  of  dust.  Here, 
again,  the  like  remedial  measures  claim 
attention  as  in  the  case  of  dust  from  clay. 
There  is  need  of  airy  shops  and  good 
ventilation,  and,  above  all,  of  cleanliness 
of  person  and  of  surroundings.  Most 
manufacturers  supply  their  dippers  with 
means  of  washing,  with  towels,  soap  and 
nail-brushes,  and  the  Factory  Act  forbids 
the  partaking  of  meals  in  dipping  houses. 
In  fact,  preventive  measures  are  of  the 
first  importance  in  this  department.  If 
experience  indicates  that  some  individuals 
are  much  more  liable  to  be  affected  by 
the  lead  poison  than  others,  it  proves 
even   more   forcibly  that    by   care    and 


cleanliness  on  the  part  of  the  men  its  ill 
effects  may  be  largely  obviated.  The 
use  of  medicines  calculated  to  eliminate 
the  poison  is  well  known  to  the  workmen, 
and  another  excellent  means  of  preserving 
their  health  is  at  their  command  in  the 
way  of  hot  water,  vapor,  and  Turkish 
baths.  Respirators  would  serve  them  a 
good  turn,  but,  as  with  other  pottery- 
artisans,  their  prejudices  stand  in  the 
way  of  their  use. 

I  have  now  made  a  rough  survey  of  the 
principal  un-hygienic  conditions  of  the 
pottery  manufacture.  The  general  lesson 
to  be  derived  from  it  is  that  those  con- 
ditions are  largely  remediable  and  pre- 
ventable ;  that  one  group  has  most  to  do 
with  structural  and  mechanical  expedi- 
ents to  remedy  it,  and  that  the  other  is 
largely  bound  up  with  the  willingness  of 
the  workpeople  themselves  to  lessen  and 
remove  them. 


APPARATUS   FOR  ILLUSTRATING  THE  ACTION  OF  LOADS 

UPON  TRUSSES. 

By  R.  FLETCHER,  Thayer   Professor  of  Civil  Engineering,  Dartmouth  College. 
Written  for  Van  Nostrakd's  Magazine. 


In  a  course  of  engineering  instruction, 
doubtless  some  educators  have  felt  the 
need  of  a  simple  apparatus  for  illustrating 
the  principles  of  transmission  of  stress  in 
trusses.  A  rigid  model  of  any  kind  has 
only  a  very  narrow  range  of  utility.  A 
flexible  model,  representing  only  a  single 
form  of  truss,  has  greater  value  but  is 
still  insufficient,  owing  to  the  number  of 
typical  forms  in  use,  each  involving  one 
or  more  distinctive  features. 

Whatever  opinions  may  be  held  as  to 
the  necessity  of  using  models  for  pur- 
poses of  instruction,  few  would  deny  the 
advantages  of  an  apparatus  combining 
the  following  features : 

1.  Joints  so  made  as  to  secure  perfect 
flexibility,  excepting  unavoidable  sliding 
friction, — thus  according  with  the  usual 
hypothesis  upon  which  computations  are 
based. 

2.  Concentration  of  weight  at  the 
joints,  in  accordance  with  another  con- 
venient assumption, — the  weights  repre- 
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senting  either  "fixed  load"  alone  or  both 
"fixed"  and  "moving  load"  combined. 

3.  Tension  members  so  made  and  con- 
nected as  to  be  incapable  of  transmitting 
any  compression,  and  compression  mem- 
bers incapable  of  transmitting  tension. 

4.  Members  interchangeable  and  capa- 
ble of  being  combined  so  as  to  form 
different  trusses  of  several  of  the  various 
types  constructed  upon  the  principle  of 
pin-connections. 

5.  An  arrangement  by  which  some 
form  of  dynamometer  may  be  inserted  in 
place  of  any  member,  and  the  previously 
computed  stress  on  such  part  verified. 

Models  of  a  single  form  of  truss,  made 
flexible  and  having  a  dynamometer  which 
may  be  inserted  for  verification  of  strain, 
are  already  in  use  in  one  or  more  engi- 
neering schools.  But,  so  far  as  the  writer 
is  aware,  there  is  nothing  of  very  general 
adaptation  according  fully  with  the 
above  conditions.  To  meet  all  of  these 
requirements    the    writer    has    recently 
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devised  an  apparatus,  which  appears  to 
have  sufficient  novelty  and  utility  to 
justify  the  following  brief  description. 


The  first  condition  is  realized  by  a 
form  of  joint  so  clearly  shown  in  Fig.  1 
as  to  need  little  additional  explanation. 


rir,c  n  '', 

1  n1      p 

in     II 

f    '    '[ 

S        1 

JL  JL 

b   \     \  i 

The  pins,  p,  are  made  of  brass  tubing 
filled  with  lead.  They  are  six  inches 
long,  one  inch  in  diameter  and  weigh 
1.18  lbs.  each.  Their  weight  aids  very 
considerably  in  securing  conformity  with 
the  second  condition.  It  is  almost  need- 
less to  remind  the  reader  that  a  model  is 
strained  by  its  own  weight  only  in  very 
small  proportion  to  the  strain  due  to 
gravity  upon  the  actual  structure  which 
the  model  represents.  Assuming  for  an 
approximation  that  the  strength  of  mate- 
rial varies  directly  as  the  cross-section, 
then,  if  the  model  were  constructed  to  a 
scale  of  ^g  the  relative  weights  of  model 
and  structure  are  nearly  as  1  :  (12)3=1  : 
1728.  But  the  sections  of  corresponding 
parts  are  as  1 :  (12)2=1 :  144;  hence,  if  W 
is  the  weight  of  the  model,  the  weight  to 
be  put  upon  it  so  as  to  strain  it  to  the 


same  extent  that  the  actual  structure  is 
strained  by  its  own  weight  is 

Wx  1728-hl44-  W=12W-W. 
Similarly  for  any  other  scale  of  construc- 
tion, using  the  cube  and  square  of  the 
ratio.  Accordingly  it  might  be  desirable 
to  make  the  weight  of  the  pins  sufficient 
to  bring  about  this  proper  proportion  of 
stress.  In  the  case  before  us,  however, 
such  exact  relation  was  hardly  practicable 
with  the  scale  adopted  and  materials 
used,  without  employing  too  much 
weight.  Pendant  weights  of  lead,  of 
five  and  three  pounds  each  were  made  to 
be  hung  from  the  pins  or  any  other  part 
of  the  frame  so  as  to  increase  the  strains 
as  much  as  might  be  required. 

The  method  of   meeting  the  third  re 
quirement  is  shown  in  Fig.  2.     Pieces  of 


O 


o 


Fig.  2.       Scale,  y6 


the  form  marked  1  simply  rest  upon  or 
against  the  pins  by  virtue  of  the  com- 
pressive stress  which  they  transmit. 

They  cannot  oppose  any  resistance  to 
an  effort  to  further  separate  the  pins. 
Pieces  of  the  form  marked  2  can  trans- 
mit, evidently,  only  tensile  stress  which 


would  tend  to  increase  the  distance 
between  the  pins;  they  cannot  oppose 
the  slightest  resistance  to  any  compress- 
ive effort  which  wordd  crowd  the  pins 
towards  each  other  along  the  lines  of  the 
pieces.  Compression  members  should  be 
colored  so  as  to  be  clearly  distinguished 
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from  tension  members  when  in  place. 
By  this  means  much  is  added  to  the 
effectiveness  of  any  combination  for  illus- 
tration. 

The  fourth  condition  is  fulfilled  by 
carefully  proportioning  the  pieces  so 
that  some  or  all  of  those  used  for  one 
combination  may  constitute  parts  of  one 
or  more  other  combinations.'  Some  of 
these  other  combinations  may  require  a 
few  special  pieces  not  needed  elsewhere. 
The  same  piece  may  do  service  in  two  or 
more  combinations  by  having  one  or 
more  openings  at  proper  intervals  for  the 
pins  of  that  combination,  as  shown  in 
Fig.  2.  It  is  hardly  necessary  to  remark 
that  the  planning  of  the  pieces  as  to 
dimensions,  adjustment  of  distances  from- 
center  to  center  of  pin  openings,  etc.,  for 
so  many  different  forms,  requires  great 
care,  and  the  workmanship  must  be  of 
the  best,  in  order  to  secure  accurate  fit- 
ting of  all  the  parts.  The  mechanic  who 
makes  the  pieces  should  work  from  care- 
fully prepared  drawings  of  the  parts,  on 
a  large  scale. 

It  is  immediately  obvious  that  such 
combinations  can  illustrate  nothing  as  to 
practical  details  of  construction,  but 
simply  the  principles  of  transmission  of 
stress,  which  is  the  sole  object  in  view. 

Fig.  1  represents  the  elevation  and  end 
view  of  a  part  of  a  Fink  truss  combina- 
tion and  one  support;  p,  the  pins;  c, 
compression  members,  which  are  sup- 
posed to  be  colored ;  t  tension  members ; 
S  one  end  support  consisting  of  two 
uprights  resting  upon  a  common  foot- 
frame;  in  this  case  the  uprights  are 
seven  inches  apart,  transversely.  The 
supporting  pins  at  the  ends  may  have  to 
be  longer  than  the  others,  and  there  is 
no  need  that  they  should  be  so  heavy. 
The  different  parts  of  the  frame  must  be 
in  duplicate,  as  seen  in  the  end  view,  else 
no  symmetrical  arrangement  in  reference 
to  a  median  plane  could  be  made,  and 
couples  would  result,  destroying  equili- 
brium. 

The  figure  also  shows  the  arrangement 
for  assembling  the  parts.  Strips  of  thin 
board,  b,  rest  upon  buttons,  e,  which  are 
placed  against  the  inner  faces  of  the 
posts.  Each  button  turns  eccentrically 
upon  a  wire  axis  which  is  prolonged  and 
bent  upwards,  as  shown  in  the  end  view, 
so  as  to  prevent  the  strip  from  slipping 
off.     The  buttons   are  so  disposed  that, 


when  they  are  turned  upwards  the  strips 
will  have  their  upper  edges  exactly  on 
such  a  level  as  to  just  support  the  pins 
of  the  particular  form  to  be  assembled. 
A  pair  of  strips  is  needed  for  each  chord 
of  parallel-chord  trusses,  and  no  more 
than  the  four  would  be  necessary  for 
any  of  the  more  important  forms.  The 
pins  being  properly  placed  on  the  strips, 
the  parts  may  be  rapidly  put  in  position. 
To  aid  in  placing  the  end  supports  at  the 
proper  distance  apart  for  a  given  com- 
bination, suitable  marks  may  be  made 
upon  the  strips.  The  best  disi^osition  of 
parts  for  any  one  combination  having 
been  found,  it  is  well  to  have  this  indi- 
cated by  a  clear  diagram  to  be  kept  with 
the  apparatus  and  serve  as  a  guide  for 
all  future  assembling  of  the  same  form  ; 
otherwise  there  may  be  frequent  confu- 
sion and  vexation  from  not  remembering 
the  best  arrangement  of  the  parts.  In 
some  cases  a  certain  order  is  especially 
necessary  in  order  to  avoid  interference 
of  pieces  with  each  other.  After  the 
pieces  are  all  in  place,  the  buttons,  e,  are 
turned  half  way  around,  when  the  strips 
are  lowered  a  distance  equal  to  double 
the  eccentricity  of  the  buttons,  and  they 
may  then  be  removed,  leaving  the  trass 
supported  only  by  means  of  the  end  pins. 
The  illustration  represents  a  "  deck  "  or 
under-grade  truss.  For  over-grade  trass- 
es the  posts  are  continued  upwards  above 
the  supporting  pins  and  buttons,  e,  are 
suitably  disposed,  for  all  the  combinations 
of  this  kind  which  are  desired.  The  up- 
per parts  of  the  posts  may  be  made  de- 
tachable as  shown  in  the  end  view,  and 
thus  put  out  of  the  way  when  not 
required. 

To  secure  greater  stiffness  transversely 
it  is  well  to  have  a  £  inch  hole  exactly  in 
the  middle  of  each  piece,  as  shown  in 
Fig.  2.  Snugly  fitting  wooden  or  metal 
pins  may  be  inserted  after  the  assem- 
bling and  passed  through  each  two  oppo- 
site pieces,  thus  forming  connected  pairs 
throughout  the  combination.  This  fea- 
ture is  not  indicated  in  Fig.  1,  in  order 
to  avoid  complexity. 

The  fifth  requirement  calls  for  a  dyna- 
mometer of  special  construction.  It 
must  be  sensitive  enough  to  indicate 
small  differences  of  strain  and  yet  not  be 
too  much  extended  by  the  greatest  strain 
it  may  have  to  transmit  when  in  place  in 
the    truss.     It    would   be   desirable,    al- 
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though  by  no  means  necessary,  to  have 
one  capable  of  indicating  both  tension 
and  compression.  In  this  particular  case 
the  utmost  limit  of  extension,  in  order 
not  to  have  too  much  yielding  of  the 
truss  under  strain  was  fixed  at  f  of  an 
inch,  but  the  actual  extension  is  gener- 
ally less  than  half  an  inch.  The  form 
adopted  is  that  of  the  ordinary  "spring 
balance"  with  a  dial  face,  the  spring 
being  especially  made  to  meat  the  above 
conditions.  It  indicates  tension  only. 
The  cylinder  in  which  the  spring  works 
and  the  rod  which  draws  the  spring,  each 
has  a  cross-head  at  the  end.  ITpon  each 
of  the  latter  a  pair  of  eye-bars  is  secured, 
the  eye-openings  fitting  the  pins  of  the 
combination.  To  adjust  for  the  different 
lengths  of  various  positions  in  the  same 
or  different  combinations,  the  eye-bars 
have  square  holes  at  carefully  ascertained 
intervals,  which  fit  square  ends  of  the 
cross-heads.  In  this  case  the  distance 
from  center  to  center  of  pin-openings 
may  be  varied  from  eight  to  eighteen  and 
a  half  inches.  It  may  be  objected  that 
the  yielding  of  the  dynamometer,  and 
consequent  distortion  of  the  truss,  will 
make  the  strains  different  from  those 
computed  for  the  perfect  form.  But 
proper  allowance  may  be  made  for  this — 
the  exact  strains  being  quickly  computed 
by  the  graphical  method, — or  the  effect 
may  be  neglected  and  the  approximate 
indication  taken  as  sufficient. 

The  combinations  possible  with  the 
apparatus  thus  described  are  the  follow- 
ing: _    - 

I  and  II.  The  ordinary  queen-post 
truss  erect  and  inverted.  With  either  of 
these  the  distortion  of  a  partially  braced 
truss  may  be  shown,  and  the  different 
effects  of  bracing  by  struts  or  ties.  This 
form  is  24  inches  long  and  8  inches  high. 
These  and  the  following  dimensions  are 
from  center  to  center  of  extreme  pins. 
■*  III.  A  Fink  truss  of  four  bays,  erect. 
Length  56  inches,  depth,  16.  Some  of 
the  advantages  of  the  Fink  system  may 
be  strikingly  illustrated  by  this  frame. 

IV.  The  same  form  inverted.  This 
may  be  inclined  at  any  desirable  angle  to 
illustrate  its  use  for  roofing  purposes,  by 
having  a  properly  arranged  bearing  on  a 
vertical  wall  for  one  end,  and  rods  which 
retain  the  bearing  pin  at  the  other,  or 
lower  end,  and  hook  into  staples  in  the 
same  wall.     By  this  may  be  shown,  also, 


the  effect  of  changes  of  load  in  altering 
the  character  of  the  stress  in  certain 
parts. 

V.  An  eight-panel,  parallel-chord  truss 
of  the  Pratt  or  Whipple  type,  length  64 
inches,  depth  14  inches.  By  this  all  the 
principles  of  counterbracing  may  be  fully 
illustrated,  using  few  or  many  counters 
and  distributing  or  concentrating  load  to 
exhibit  the  action  in  all  cases  usually 
considered,  the  model  showing  immedi- 
ate distortion  when  insufficiently  braced. 
The  dynamometer  affords  means  of  illus- 
trating the  principles  concerning  maxi- 
mum and  minimum  stress  or  web 
members  and  chords. 

VI.  The  same  form  inverted.  A  com- 
parison of  any  of  the  inverted  with  the 
corresponding  erect  forms  will  exhibit 
clearly  the  greater  stability  of  those 
having  the  lower  position  of  the  center 
of  gravity. 

VII.  A  triangular  or  Warren  truss  of 
f ouj  panels ;  length  64^  inches,  depth  14 
inches.  This  will  illustrate  the  peculiari- 
ties of  the  system.  One  piece  of  each 
type  (1  &  2,  Fig.  2)  must  be  inserted 
where  a  member  is  liable  to  take  both 
kinds  of  stress,  in  order  to  have  constant 
equilibrium.  The  differences  between 
this  and  the  quadrangular  or  panel  sys- 
tem become  so  obvious  as  to  need  no 
further   comment    from   the    instructor. 


VIII.  A  roof  truss  of  the  form  shown 
by  Fig.  3;  span  30  inches,  height  17. 
This  will  illustrate  the  effect  of  wind 
pressure  on  one  side  in  changing  the 
nature  of  strains  due  to  weight  alone  in 
certain  pieces  on  the  opposite  side. 

By  having  a  few  extra  pieces,  the 
following  combinations  may  be  added  to 
the  above,  if  deemed  desirable:  Howe 
truss,  erect  and  inverted ;  triangular  truss 
with  vertical  suspension  members ;  com- 
mon king-post  trass,  erect  and  inverted. 
Others  might  be  included  also,  but  there 
is  no  advantage  in  having  a  great  number 
of  forms,  since  a  few  is  amply  sufficient 
for  illustration  of  leading  principles. 

Much  more  might  be  given  in  detail 
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and  other  applications  described,  but  the 
above,  which  is  offered  more  by  way  of 
suggestion  than  a  complete  elucidation  of 


that  which  is  capable  of  further  extension 
and  improvement,  is  sufficient  for  the 
interested  reader. 


THE  CONSTRUCTION  OF  CONVEYOR  SPIRALS. 

BY  S.  W.  ROBINSON,  Professor  of  Mechanical  Engineering,  Ohio  State  University. 
Written  for  Van  Nostrand's  Magazine. 


Conveyor  Spirals  may  be  made  in  vari- 
ous ways :  of  cast  iron,  wrought  iron,  or 
wood,  separately  or  combined,  and  with 
one  or. more  wings.  The  object  of  the 
present  paper  is  to  give  some  simple 
rules  for  making  the  wings  of  sheet 
metal,  such  as  shall  be  adapted  for  attach- 
ment to  a  wooden  core  or  •  spindle,  and 
when  thus  attached,  to  stand,  at  each 
element,  exactly  radial.  Such  wings  will 
be  truly  helicoidal,  and  of  the  form  that 
would  be  generated  by  a  line  kept  con- 
stantly perpendicular  to  the  axis  of  the 
helicoid,  and  moved  along  it  with  a  con- 
stant velocity  and  with  a  constant  rate  of 
rotation. 

Spiral  wings  of  such  form  will  be 
warped  surfaces,  and  evidently  cannot  be 
formed  from  flat  sheet  metal  without 
swaging.  For  instance,  siippose  a  heli- 
coid be  made  of  a  flat  strip  without  any 
core,  and  with  the  axis  in  the  middle  of 
the  strip.  By  hammering  the  edges  from 
the  middle  line  out,  and  not  the  middle 
line,  the  edges  will  become  jjuckered  and 
forced  into  some  twisted  shape  like  an 
ordinary  auger  bit.  By  careful  manage- 
ment, a  true  helicoid  is  obtained.  It  is 
evident  that  the  amount  of  stretch  re- 
quired increases  on  each  side  with  the 
distance  from  the  axis.  It  is  easily  seen 
from  this,  that  if  an  annular  sector,  or 
bent  strip,  had  been  taken  in  place  of  the 
straight  one,  it  might  have  been  made 
helicoidal  by  stretching  the  edges  and 
not  the  middle  in  a  similar  manner,  re- 
sulting in  such  a  helicoidal  wing  as  would 
fit  upon  a  core. 

The  rules  we  seek  are,  therefore,  such 
as  give  the  proper  curvature  of  the  annu- 
lar sector  and  the  proper  stretch  for  the 
edges  of  it  for  a  given  case. 

RADIUS  OF  THE  ANNULAR  STRIP. 

Let  the  annular  strip  be  represented 
by  the  figure  ABFH,  the  circular  edges 


being  struck  from  the  center  0.  .  AB  is 
the  radial  width  of  the  spiral  wing,  and 
AE  the  radius  of  the  core  of  conveyor,  or 
spindle  upon  which  the  wings  are 
mounted. 

Let  the  annular  segment  be  so  shaped 
that  a  narrow  portion  of  it  lying  along 
the  concentric  circle  line  CI  will  neither 
need  swaging  nor  bending  edgewise. 

Let  S  =  the  length  of  any  truly  heli- 
coidal line  which  makes  one  complete 
turn ;  r,  its  radius ;  and  P,  its  pitch. 

Then 

Sa=P2  +  47rV, 

as  can  be  seen  by  supposing  the  spiral 
developed  by  unrolling  the  circumscrib- 
ing cylinder  upon  a  plane. 

Any  other  spiral  line  of  the  same  pitch 
will  also  give, 

S12=P3  +  4ttV12. 

Subtracting  one  from  the  other,  mem- 
ber by  member,  and 

*■— s1,=4nr,(r»--0 

or 

(«-«i)(«  +  «l)=4«"(r-rJ(r  +  rI). 

If  the  spirals  are  taken  with  only  a 
small  difference  dr,  in  the  radii,  we  have 
r—t\  =  dr  and  /•+r1=r12»"  and  at  the 
same  time  s—s^ds  and  s  +  Sj=2s  .\ 

sds—4z7t*rdr. 

The  same  result,  would  have  been 
obtained  by  differentiating  the  first  equa- 
tion above. 

Let  these  two  spirals  be  supposed  to 
lie  very  near  to  the  line  CI.  The  space 
between  them  may  be  regarded  as  that 
above  mentioned,  which  is  not  hammered 
nor  bent,  but  simply  twisted.  It  is  a  sort 
of  neutral  element  to  the  spiral  wing.  A 
small  portion  of  it  is  shown  in  the  figure, 
from  which  we  see,  observing  that  s  and 
ds  vaiy  together,  we  have, 
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ds  :  dr 


CO. 


Combining  this  with  the]  last  equation, 
we  get 

P2 
CO=?-  +  — s- 
47r  r 

But   ?-=CE,    according 
cedes,  and  hence 


to   what   pre- 


CO-CE=EO: 


4tt2.CE 

from  which  EO  may  be  computed,  as 
soon  as  the  point  C  is  assumed.  If  it  is 
taken  at  the  middle  of  AB,  the  inside 
edge,  AH,  will  require  much  more 
stretching  than  BF,  as  will  appear  below. 
We  may  obtain  the  point  O  graphically 
by  drawing  a  perpendicular  ED,  making 
P 

and  then  drawing  CD  and  DO,  right 
angled  at  D.  This  is  proved  from  the 
fact  that  this  construction  gives 

CE  :  ED  :  :  ED  :  EO. 

ED2  P2 


ED: 


THE  LENGTH  CI  FOE  A  COMPLETE  TURN. 

The  first  equation  gives  the  length  for 
a  complete  turn 

s=A/P'i  +  47rV2  =2  TtJ'Vr' 


4:7t' 


+  rJ 


or  EO  = 
as  required 


CE      4tt2.CE 
Hence  O  is  determined. 


The  first  term  under  the  last  radical  is 
ED2,  and  the  last  term  is  CE2.  Then  the 
radical  equal  CD,  and  2  n  x  CD = a  circle 
described  with  CD  as  a  radius. 

Hence  the  length,  CI,  if  the  annular 
sector  sufficient  for  a  complete  turn,  is 
the  circumference  described  with  the 
radius  CD. 

THE   AMOUNT    OF    SAVAGING. 

The  edges  must  be  lengthened  to 
change  the  flat  to  a  waiped  surface.  To 
simply  change  the  length  of  the  edges 
and  not  the  width  of  piece,  a  hammer 
with  a  wedge  shaped  pene  may  be  used 
with  the  line  of  the  pene  crosswise  of 
piece.  But  even  this  will  increase  the 
width  slightly,  and  for  this  reason  the 
piece  may  be  cut  out  a  little  narrow.  A 
ball  pene  will  require  still  greater  allow- 
ence  for  expanding  width. 

To  form  a  particular  spiral,  a  definite 
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amount  of  saving  is  necessary,  which 
amount  must  be  known  in  order  to  shape 
the  wing  without  a  pattern. 

To  determine  the  amount  of  stretch  to 
be  given  to  the  edges  by  the  hammering, 
we  see  from  the  first  equation  above,  that 
the  final  length  of  AH  for  a  complete  turn 
will  be, 


Y  4tt8 


+  AE* 


:2tT.AD. 


be, 


And  the  length  before  stretching  will 


AH=OL^=*>-a,r.CD 


and  the  stretch  will  be, 

S-AH=2tt(aD- 


CD 


AO\ 

cdj 


By  drawing  AL  perpendicular  to  CD, 
or  parallel  to  DO,  we  have  from  similar 
triangles, 

DL  :  CD  :  :  AO  :  CO. 


DL=CD 


AO 

CO 


the    same   as   the   second    term   in   the 
parenthesis  for  the  value  of  stretch. 
Hence,  * 

AO 
AD-CD^=AD-DL, 

or, 

=AD-DN 

if  a  circular  arc  LN  be  struck  from  a  cen- 
ter D. 

Hence,  the  stretch  required  for  the 
side  AH,  of  a  piece  AF  just  sufficient  for 
a  complete  turn  is, 

S-AH=27r(AD-DN)=2;r.A.N. 

or  equal   the   circumference  of  a  circle 
struck  with  the  radius  AN. 

For  pieces  AF  of  a  length  to  make  a 
fractional  part  of  a  turn,  of  course,  a 
corresponding  fractional  part  of  the  cir- 
cumference to  AN  will  be  necessary  for 
the  stretch. 

In  a  similar  way  it  may  be  shown  that 
the  stretch  for  the  outside  edge  BF  will 
be, 

2tt.BK 


where  BJD=a  right  angle,  and  DK=DJ. 
As  regards  the  choice  of  the  point  C, 
nothing  appears  above  to  indicate  th^t  it 
is  limited  in  position.  In  choosing;  it 
near  A  will  throw  most  of  the  hammering 
upon  the  outer  edge,  and  vice  versa.  A 
little  inquiry  will  naturally  lead  to  select- 
ing that  point  which  will  result  in  giving 
the  same  stretch  per  inch  to  the  two 
edges  AH,  and  BF.  This  will  make  the 
total  stretch  of  AH  to  BF,  as  AO  is  to 
BO,  because  AH  :  BF  :  :  AO  :  BO.  Now 
if  CD  be  drawn  so  as  to  bisect  the  angle 
ADB,  the  little  triangles,  or  spandrels, 
ALN  and  BJK  will  be  similar,  and 

AD   :   BD  :  :  AL  :  BJ  :  :  AN  :  BK  :  :   AC 

:BC 


AO  : BO  :  : AH 


BF,  since  DO  is  par- 
allel to  AL  and  BJ. 


Hence  for  the  same  stretch  per  inch 
along  AH  and  BF  let  BC  bisect  the 
angle  ADB. 

The  percentage  of  the  stretch  will  be 
obtained  by  dividing  AH  by  the  circum- 
ference to  radius  AN,  or  since  AH = cir- 
cumference to  AD,  the  percentage  will  be 

AN    BK 

-,— =^=r-for  the  case  of  bisected  angle 

ADB. 

KULE. 

Hence  the  following  rule  may  be 
stated  for  laying  out  and  forming  from 
sheet  metal,  the  wings  for  conveyors. 
Referring  to  the  figure: 

Make  AE  =  radius  of  core, 

"      AB=  radial    width     of    wing    or 
blade, 

"      DE= pitch  divided  by  2^r,  and  per- 
pendicular to  AO, 

DC  =  bisect  the  angle  ADB, 
perpendicular  to  DC. 


DO  = 

0  = 

CT= 

AN_ 
AD~ 


center   of    arcs    for    edges 
AH  and  BF  of  piece, 

neutral   line,    =  2/T.CD,   for 
complete  turn, 

stretch   per  unit   for    each 
BK 


edge, 


BD' 
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SANITARY  SCIENCE. 

A  SKETCH  BY  ROBERT  RAWLTNSON,    C.  B. 
From  "The  Builder." 


Sanitary  science  includes  works  and 
arrangements  necessary  to  comfort  and 
health — the  individiial  must  be  cared  for. 
History,  for  the  main  part,  however,  re- 
cords the  deeds  and  misdeeds  of  emper- 
ors and  kings,  but  the  condition  of  the 
people  is  most  fully  recorded  in  descrip- 
tions of  epidemics,  pestilence  and  famine, 
aggravated  by  negligence  of  sanitary  sci- 
ence, as  also  by  war. 

The  strength  of  a  nation  has  hitherto 
been  estimated  by  the  numerical  force  of 
armies  and  their  power  to  destroy;  but 
sanitary  science,  when  fully  understood 
and  reduced  to  practice,  will  reverse  the 
order  as  above  enumerated,  and  the  his- 
tory of  the  future  will  take  most  note 
of  the  condition  of  the  people,  and  the 
strength  of  nations  will  be  estimated  by 
a  standard  of  health  and  intelligence 
rather  than  by  numbers  of  armed  men 
compelled  to  live  unproductive  lives  at 
the  cost  of  civilians.  , 

Sanitary  works  must  be  useful  gene- 
rally; and,  to  be  so  to  the  fullest,  they 
must  be  simple  in  construction  and  in 
their  arrangements.  Supervision  must 
also  be  ample,  economical,  and  unceasing. 

The  prime  works  for  aggregated  popu- 
lations will  be  main-sewering,  house- 
draining,  scavenging,  and  a  safe  and 
proper  disposal  of  excretal  and  of  scav- 
enged refuse,  with  a  full  and  pure  water- 
supply,  and  with  public  lighting.  Villages 
and  isolated  houses  must  be  sewered, 
drained,  and  have  a  supply  of  pure  water. 

Arterial  drainage,  the  conserving  of 
rivers,  and  land-drainage  come  within  the 
scope  of  sanitary  science. 

Road  and  street  surface  formations  are 
most  important  works  to  facilitate  general 
and  local  traffic,  and  must  be  provided. 

Having  stated  these  general  require- 
ments, it  may  be  instructive  to  describe 
briefly  some  of  the  great  sanitary  works 
of  former  times ;  as  also  some  of  the  ex- 
isting sanitary  works  in  Great  Britain,  on 
the  Continent,  and  in  other  parts  of  the 
world. 

Main  Sewering  and  Draining. — Main 
sewers  and  drains  were  constructed  in 


some  of  the  cities  of  antiquity,  and  some 
public  buildings  were  drained,  but  we 
have  no  evidences,  written  or  in  buried 
ruins,  that  can  warrant  conclusion's  that 
any  city  of  antiquity  was  completely  sew- 
ered, including  house-draining.  There 
is  no  evidence  that  land-draining,  in  de- 
tail, was  ever  practised  by  any  nation  of 
antiquity,  as  is  now  considered  necessary 
by  British  agriculturists. 

Water-supply. — There  is  abundant  evi- 
dence, both  in  history  and  in  ruins,  that 
works  of  water-supply  were  executed. 
Springs  of  water  were  utilized,  wells  were 
dug,  natural  lakes  were  made  available, 
and  streams  and  rivers  were  led  by  arti- 
ficial canals  contouring  the  intervening 
country.  Reservoirs,  bunds,  and  tanks 
of  vast  area  and  capacity  were  construct- 
ed, from  which  water  was  drawn  for 
domestic  purposes,  but  chiefly  for  land 
irrigation. 

There  are  ruins  of  aqueducts  of  great 
age,  especially  in  India  and  hi  Italy — the 
principal  ruins  in  Italy  being  those  near 
Rome.  There  is  no  reason  to  conclude 
that  the  laws  of  hydraulics  were  not  un- 
derstood in  early  times,  as  water  placed 
under  pressure  would  rise  to  its  head. 
The  metals  lead,  silver  and  gold  were 
used  for  pipes  and  valves,  in  baths,  and 
in  the  formation  of  fountains,  as  also  for 
jets;  the  use  of  iron  upon  a  great  scale 
for  main  conduits  and  service-pipes  is  un- 
doubtedly modern.  The  Romans,  how- 
ever, used  lead  for  main-pipe  conduits, 
necessarily  limited  in  diameter  and  capa- 
city to  suit  the  strength  of  the  metal. 

Pipes  of  earthenware,  moulded  on  a 
block  by  hand,  or  raised  on  a  potter's 
wheel,  were  also  made  and  used  at  an 
early  period  for  water-conduits  to  supply 
towns,  baths,  and  fountains ;  in  some 
cases  earthenware  pipes  were  bedded  in 
hydraulic  lime  concrete,  so  as  to  enable 
them  to  resist  pressure,  and  to  'be*  used 
for  street  mains,  as  also  to  be  used  as  in- 
verted syphons  to  cross  valleys. 

Rome,  and  some  cities  of  Rome,  were 
supplied  with  water  in  vast  volume,  dis- 
tributed to  public  and  private  baths,  as 
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also  to  public  and  private  fountains ;  but 
there  is  no  written  record,  or  other  evi- 
dence, proving  that  a  domestic  supply  of 
water  by  separate  and  special  service  was 
ever  given  to  the  masses  of  the  people.* 
Main  roads  were  formed  by  the  Romans 
in  Italy,  as  also  in  the  great  Roman  pro- 
vinces, streets  were  also  paved  in  the 
great  Roman  cities,  but  we  have  no  evi- 
dence that  at  any  period  highways,  roads, 
and  streets  were  general  and  were  formed 
and  paved  as  perfectly  as  those  which  at 
present  exist  throughout  the  several  coun- 
tries of  Great  Britain,  France,  parts  of 
some  other  Continental  nations,  and  in 
some  North  American  towns. 

Improvements  in  sanitary  science  are, 
for  the  most  part,  modern,  and  up  to  this 
date  (1878)  have  had  exceptional  applica- 
tion. In  British  India  roads,  railways, 
and  canals  have  been  formed.  Calcutta, 
and  some  other  Indian  cities,  have  been 
partially  sewered,  and  works  of  water- 
supply  have  been  executed  for  Calcutta, 
for  Bombay,  for  Nagpore,  and  for  some 
other  Indian  cities.  In  the  Australian 
colonies  works  for  water-supply  have  been 
executed,  and  main  sewerage  works  are 
at  this  time  under  consideration.  There 
has  been  considerable  movement  on  the 
Continent  of  Europe  in  main  sewering 
and  in  water-supply;  as  also,  in  Great 
Britain;  but  in  few  towns  have  sanitary 
works  been  fully  completed;  probably 
not  in  any  one  are  sanitary  works,  sani- 
tary appliances,  and  supervision  as  com- 
plete as  these  might  be  and  ought  to  be. 

Complete  sanitary  works,  appliances, 
and  supervision  should  provide  as  un- 
der : — 

For  Towns. — The  sewering  and  re- 
moval of  subsoil-water  so  as  to  dry  the 
basements  of  houses;  main  sewering  of 
the  town  and  draining  of  the  houses, 
with  a  daily  disposal  of  excretal  and  sca- 
■  venged  refuse,  so  that  there  shall  not  be 
any  removable  cause  of  nuisance.  There 
must  also  be  the  formation  of  good  roads 
in  the  city  and  in  the  suburbs,  with  the 
paving  of  all  street  and  yard  surfaces,  in 
such  manner,  and  with  such  material,  as 
shall  best  prevent  accumulation  of  dirt, 
diminish  noise,  and  admit  of  cleansing  by 

*The  volume  of  water  brought  into  London  per  clay  is 
about  110  millions  of  gallons.  It  is  recorded  that  the 
twenty  aqueducts  which  supplied  Rome  poured  in  300  mil- 
lions of  gallons  per  day,  or  nearly  the  dry-weather  flow  of 
the  river  Thames  over  Teddington  we*r.  Ancient  authors 
are  n«t,  however,  always  to  be  relied  upon. 


washing.  Public  lighting  must  be  ample 
and  general,  as  proper  lighting  is  useful 
for  police  purposes. 

The  main  sewers  of  a  town  should  be 
of  such  dimensions,  and  be  laid  at  such 
gradients,  as  will  transmit  sewage  even- 
ly and  regularly  at  rates  not  in  any  case 
less  than,  one  mile  per  hour.  The  sewers 
should  also  be  fully  ventilated,  and  have 
at  command  ample  flushing  power.  In 
all  main  and  tributary  sewers  side-junc 
tions  for  house-drains  should  be  provided 
in  the  first  construction^  and  all  houses 
should  be  drained,  but  the  drains  should 
not  traverse  house  basements.  "Water- 
closets  and  sinks  should  be  against  ex- 
ternal walls,  and  should  have  means  for 
lighting  and  ventilation  from  the  open 
air.  Cesspools  and  cesspits  should  be 
abolished.  If  a  drain  must  traverse  a 
basement  from  front  to  back,  as  in  Lon- 
don and  in  other  street  houses,  such 
drain  must  be  absolutely  air  and  water 
tight,  and  be  fully  ventilated  externally, 
both  front  and  back.  Cast-iron  pipes 
will  be  safest  to  use  for  such  drains  be- 
neath basements.  Back  draining  is,  how- 
ever, the  true  mode  of  sewering  and 
draining  streets  of  houses. 

Water- Supply. — A  town  supply  of 
water  should  provide  for  each  house  and 
each  tenement,  having  a  sej)arate  service- 
pipe  and  tap  within  the  walls,  the  service 
to  be  high-pressure  and  constant;  a  vol- 
ume equal  to  fifteen  gallons  per  head  of 
a  population,  with  sound  service-pipes 
and  taps,  efficiently  supervised  and  main- 
tained in  repair,  will  be  equal  to  the  re- 
quirements of  ordinary  populations  for 
all  purposes,  public  and  private. 

Great  mistakes  have  been  made  in  the 
design  and  construction  of  sanitary  works 
which  it  may  be  useful  to  indicate.  As 
previously  stated,  the  science  is  new,  and 
some  men  who  attempt  to  practice  it 
have  not  learned  the  alphabet,  not  hav- 
ing had  time,  opportunity,  or  inclination. 
About  1850  three  of  the  principal  En- 
glish engineers  were  required  by  the  cor- 
poration of  the  city  of  London  to  advise 
and  report  upon  the  best  f  orrns  and  cross- 
sectional  dimensions  adapted  for  main 
sewering.  In  their  report  flat  bottoms  to 
sewers  are  recommended,  as  being  the 
easiest  to  cleanse  by  hand  labor,  and. 
according  to  the  rales  laid  down  by 
these  eminent  men,  no  main  sewer  was 
to  be  constructed  which  was  not  of  suf- 
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ficient  dimensions  to  allow  men  to  enter. 
House-drains  were  not  to  be  less  in  diam- 
eter than  12  inches.  This  report  was 
accepted  by  English  and  by  European 
engineers  generally,  hence  the  tunnel 
and  canal-like  sewers  of  Paris  and  of 
Brussels,  executed  for  small  sections  of 
these  cities  at  vast  cost  in  proportion  to 
the  areas  sewered.  Many  of  the  first 
formed  sewers  in  London  were  large  and 
flat-bottomed;  scores  of  miles  of  such 
sewers  remain  to  this  day.  The  late 
John  Roe  and  John  Phillips  first  worked 
out  the  problem  of  egg-shaped  sewers, 
with  side-entrances  and  flushing  cham- 
bers. 

Since  the  year  1850,  when  I  first  intro  - 
duced  small  sewers,  laid  at  right  lines 
from  point  to  point,  with  side-entrances, 
manholes  or  lamp-holes  at  each  change  of 
line  or  gradient,  as  also  at  junctions  of 
sewers,  many  entire  towns  have  been  so 
sewered  by  thousands  of  miles  of  small 
sewers  and  drains,  laid  on  the  principles 
above  indicated.  The  first  town  so  sew- 
ered was  Alnwick,  in  Northumberland, 
under  the  supervision  of  Hugh  M'Kie, 
G.  E.,  the  present  most  able  city  en- 
gineer for  Carlisle. 

Defective  sanitary  works  may  be  illus- 
trated by  Paris,  which  may  be  taken  as 
an  example  of  a  city  laid  out  above  ground 
on  a  most  magnificent  scale.  The  main 
streets  are  in  right  lines,  open  and  well 
paved;  the  houses  are  regular  in  their 
architecture,  lofty,  and  being  built  of 
white  stone,  are  clean-looking  and  im- 
posing. Paris  may  therefore  be  termed 
the  finest-looking  city  in  Europe.  Street 
scavenging  and  watering  are  also  admir- 
able; but  there  are  many  sanitary  sores 
in  Paris;  as,  notwithstanding  its  big  and 
costly  sewers,  it  is  a  city  of  cesspools 
which  are  emptied  at  intervals,  carts,  or 
iron  tanks  on  wheels  having  been  spe- 
cially contrived  for  this  purpose.  The 
covers  of  these  huge  cesspools  are  to  be 
seen  at  the  surface  in  the  newest  and 
most  architecturally  imposing  streets. 

The  supply  of  water  to  Paris  is  abund- 
ant in  volume,  and  is  used  profusely  for 
public  purposes;  as  in  grand  cascades 
and  fountains,  road-watering  and  street 
channel  washing ;  but  in  quality  the  water 
is  very  hard,  being  to  some  people  ab- 
solutely painful  to  wash  in ;  the  distribu- 
tion within  the  house  and  tenement  is 
not  general.     The  true  use  of  water  is  to 


supply,  at  high  pressure,  every  house  and 
tenement  to  the  entire  abolition  of  hand- 
carriage  ;  and  the  true  use  of  sewers  is  to 
remove"  all  waste  water  and  all  human 
excreta  at  once,  whilst  unfermenting,  to 
some  outlet  or  outlets  to  be  pumped  and 
applied  to  land.  At  present  there  are 
the  labor  and  cost  of  all  the  separate 
pumping  from  cesspools  in  detail,  after 
putridity  has  set  it,  and  the  removal  by 
horse-power  of  tanks  and  refuse  which  in 
the  aggregate  involves  far  more  cost  and 
power  than  dealing  with  the  sewage  if 
delivered  at  outlets  by  a  full  system  of 
main  sewers  and  house-drams,  as  water 
flowing  down  a  conduit  finds  the  neces- 
sary power  to  do  so  in  gravity. 

London  is  an  example  of  a  vast  city, 
sewered  almost  in  its  entirety,  the  houses 
being  drained  also  into  the  sewers;  cess- 
pools and  common  privies  having  been 
abolished,  though  not  all  filled  up,  water- 
closets  being  the  rule.  Taking  the  entire 
population  at  some  three  and  a  half  mil- 
lions of  inhabitants,  there  is  one  water- 
closet  to  about  every  five  persons ;  or, 
there  are  about  700,000  water-closets  in 
London,  soil-pans  which  are  used  as 
water-closets  being  included. 

The  water  supply  of  London  is  also 
most  abundant,  and  is  far  softer  and  con- 
sequently purer  than  the  water  supplied 
to  Paris.  It  is  true  that  in  London  there 
are  no  vast  cascades  or  grand  fountains, 
neither  are  the  streets  so  well  watered 
and  washed,  nor  the  street  channels  so 
fully  flushed  and  washed,  as  in  Paris ;  but 
the  city  at  large  is  vastly  better  sewered, 
has  water  at  high  pressure,  which  is  taken 
within  and  to  the  top  of  the  best  class 
houses,  and  is  delivered  within  the  tene- 
ment, or  near  the  door  of  the  poorest  in- 
habitant. There  are  no  large  recognized 
cesspools  in  use,  cesspool  refuse  carts, 
nor  water-carriers.  There  are,  however, 
defects  both  in  sewering,  in  house-drain- 
ing, and  in  water-supply  ia  London,  the 
result  of  defective  information  and  divid- 
ed jurisdictions.  Parish  vestrydom  is  not 
an  apt  learner:  the  local  governing  sys- 
tem is  old,  the  form  of  election  is  old, 
and  the  ideas  and  prejudices  are  old. 
London  has  not  been  improved,  laid  out, 
and  reconstructed  under  imperial  autho- 
rity, but  has  grown  up  under  Dogberry 
blundering  and  speculative  building, 
house-draining  being  the  builders'  work, 
the  parish  authorities  having,  and  very 


SANITARY   SCIENCE. 


171 


improperly,  only  extracted  a  fee  for  each 
drain  entering  a  sewer,  without  taking 
the  responsibility  of  seeing  that  each 
house-drain  did  properly  join  and  enter 
the  sewer  as  paid  for,  the  results  being 
no  junctions  ha  some  cases,  bad  junctions 
in  many  cases,  and  no  house-drain  venti- 
lation in  most  cases.  The  street-sewers 
are  ventilated,  but  not  house-drains  as  a 
rule.  There  are  many  miles  of  old  flat- 
bottomed,  broken-sided,  shallow,  and  de- 
fective sewers  in  some  of  the  richest  Lon- 
don parishes — sewers  which  accumulate 
refuse  and  require  to  be  hand-cleansed; 
but  there  are  also  very  many  miles  of 
well-formed  sound  sewers,  which,  by  the 
ordinary  flow  or  by  flushing,  transmit 
sewage  through  the  new  intercepting  and 
low  level  sewers  to  be  poured  wholesale 
in  the  crude  state  into  the  Thames  at 
Barking  and  Crossness,  the  solids  so 
scoured  along,  and  in  suspension,  amoiuit- 
ing  to  many  thousands  of  tons  per  annum. 
Taking  the  ascertained  results  of  some 
towns  where  the  solids  of  sewage  are  in- 
tercepted, the  volume  and  weight  of  silt 
and  sludge  annually  washed  into  the 
Thames  must  amount  to  200,000  tons  or 
more. 

Modern  sanitary  works  have  hi  some 
respects  disappointed  expectation,  as  re- 
ductions in  local  death  rates  do  not  ap- 
pear to  have  followed  closely  upon  the 
expenditure  of  money  and  the  execution 
of  works ;  but  it  is  probably  overlooked 
that  sanitary  works  of  the  most  perfect 
design  and  execution,  with  the  best  regu- 
lations fully  carried  out,  do  not  in  them- 
selves solve  all  the  problems  of  human 
health.  There  are  the  wretched  houses, 
hovels,  and  tenements  of  the  poor  in  every 
town  and  village  of  Great  Britain,  so  fre- 
quently described  by  the  editor  of  the 
JBuilder,  in  which  excessive  overcrowding 
takes  place,  and  out  of  which  inevitably 
proceed  pauperism,  crime,  and  disease. 
Sanitary  science  does  very  little  to  im- 
prove these  dens  of  foul  air  and  misery, 
unless  it  entirely  supersedes  them  by  new 
and  better  dwellings,  and  the  old  cottages 
are  improved  off  the  face  of  the  earth,  and 
this  is  both  a  costly  and  a  slow  progress ; 
then  there  are  spirit  and  beer  drinking, 
tobacco  smoking  and  chewing,  with  defect- 
ive feeding  and  want  of  proper  clothing 
amongst  the  poor,  and  want  of  sense  to 
clothe  properly  amongst  the  rich,  to  make 
up  the  sum  of  human  neglect  and  human 


misery.  When  these  things  have  been 
studied,  learned,  and  considered,  wonder 
at  continued  excess  of  disease  will  di- 
minish. 

As  the  strength  of  a  nation  is  in  the 
health  of  the  people,  it  must  be  the  duty 
of  governments  to  see  that  means  of  health 
are  secured  to  every  child  born  into  the 
world.  There  is  no  value  apart  from 
human  life,  and  there  is  no  form  of  prop- 
erty so  valuable  as  human  life,  and  as  the 
poor  cannot  provide  their  own  dwelling- 
places,  and  as  experience  from  the  first 
dawn  of  history  proves  that  defective 
tenements  produce  disease  in  excess,  it 
must  be  a  prime  duty  of  a  government  s  ) 
to  legislate,  order,  and  regulate,  that 
health  shall  be  possible  within  the  cottage. 

The  inhabitants  of  a  city  cannot,  how- 
ever, all  be  treated  as  are  criminals  in 
jails;  consequently,  the  health  attainable 
in  a  model  prison  is  at  present  excep- 
tional ;  but  sanitary  works,  properly  super- 
vised, can  prevent  raging  epidemics  by 
removing  the  soil  in  which  the  disease, 
seed,  or  germ,  fructifies.  Typhus  fever, 
cholera,  and  other  zymotic  diseases,  may 
decimate  a  filthy,  drunken,  demoralized 
population,  and  yet  never  enter  the  county 
model  jarison.  The  black-death,  plague, 
and  sweating-sickness  of  Mediaeval  Europe 
appear  no  more  in  England,  but  haunt  the 
foul  cities  of  Asia,  and  yellow  fever  now 
rages  in  the  foul  southern  cities  of  Amer- 
ica, teaching  a  lesson  terrible,  to  study, 
but  instructive  to  learn. 


The  report  of  the  committee  of  the 
British  Association,  on  the  best  means  of 
developing  light  from  coal  gas,  is  largely 
occupied  by  a  tabulated  series  of  results 
obtained  with  different  kinds  of  burners, 
such  as  the  rat-tail,  union  or  fish  tail,  bat- 
wing  and  argand,  and  also  the  influence 
of  globes  of  different  sizes,  shapes  and 
materials.  The  report  is  strongly  in  fa- 
vor of  cannel  rather  than  common  gas, 
on  account  of  its  comparatively  small  in 
fluence  on  the  atmosphere  of  apartments 
and  the  smaller  proportion  of  sulphur  it 
contains.  The  report  also  advocates  the 
burning  of  gas  at  a  comparatively  low 
pressure,  and  the  use  of  district  gover- 
nors to  equalize  the  pressure  in  different 
levels  of  towns,  and  of  regulators  in 
houses  and  street  lamps,  to  give  the  exact 
pressure  calculated  to  give  the  best  photo- 
metric results. 
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PROCESSES   FOR  DETERMINING  THE  ORGANIC    PURITY  OF 

POTABLE  WATER. 


By  Dr.  TIDY." 


From  "Iron." 


The  processes  for  estimating  the  organic 
matter  in  water  naturally  divide  them- 
selves under  two  great  heads.  (1)  Where 
the  organic  matter  is  estimated  from  a 
water  residue;  (2)  where  it  is  estimated 
in  the  original  water,  i.  e.,  from  the  water 
itself  and  not  from  the  residue  after 
evaporation.  It  is  here  to  be  remarked 
that  if  it  be  possible,  by  any  process  or 
processes,  to  estimate  the  organic  matter 
in  the  original  water,  such  processes  must 
have  manifest  advantages  over  those 
where  the  quantity  of  organic  matter  is 
deduced  from  a  residue. 

The  Ignition  Process. — The  first  in 
respect  of  date,  last  in  respect  of  value. 
This  process  to  be  of  value  presupposes 
three  things.  First,  that  no  organic 
matter  is  lost  and  none  gained  during 
the  evaporation  of  the  water.  In  this 
point  the  process  fails,  because  there 
may  be  both  a  loss  of  the  actual  organic 
matter  present  in  the  water  during  evap- 
oration ;  such  loss  being  either  physical, 
particles  being  carried  off  mechanically 
with  the  steam,  or  chemica],  from  decom- 
position; and  again,  resulting  from  the 
introduction  of  extraneous  organic  mat- 
ter in  the  shape  of  impurities  floating  hi 
the  laboratory  atmosphere.  Secondly, 
That  all  the  organic  matter  is  burnt  off 
by  the  ignition  of  the  residue ;  and  third- 
ly, that  nothing  but  organic  matter  is 
lost  by  ignition.  "With  regard  to  both 
these  points  the  ignition  process  also 
fails.  The  process  is  not  quite  aban- 
doned, else  there  would  be  no  need 
to  refer  to  it ;  some  analyses  having 
been,  not  long  ago,  put  in  evidence 
where  the  loss  on  incineration  was  en- 
tirely relied  on  as  the  indication  of  or- 
ganic purity  or  impurity. 

Combustion  Process  of  Drs.  Frankland 
and  Armstrong. — The  objections  to  this 
process  are  twofold.  First,  general,  and 
secondly,  special.  The  general  objection 
is  its  impracticability,  arising  from  the 
manipulative  skill  required,  and  the  length 
of  time  consumed  in  conducting  the  pro- 

*  Chemical  Society,  Dec.  5,  1878. 


cess.  These  two  latter  objections  may 
seem  to  have  some  weight  at  first  sight, 
but  very  little  on  further  consideration. 
It  is  admitted  that  a  certain  amount  of 
manipulative  skill  is  required,  but  the 
possession,  by  practice,  of  this  manipula- 
tive skill  constitutes  a  man  an  analytical 
chemist;  and  the  sooner  so  delicate  and 
difficult  a  work  as  water  analysis  is  taken 
out  of  the  hands  of  those  who  imagine 
themselves  professional  chemists  after  a 
few  lessons  in  a  laboratory,  the  better 
for  chemistry  and  sanitary  science.  As 
regards  the  time  required,  rapidity  ought 
not  to  enter  into  the  calculation  if  ac- 
curacy or  delicacy  be  thereby  imperilled. 
This  objection  of  impracticability  is  there- 
fore worthless.  The  question  of  evap- 
oration is  then  reviewed,  including  the 
ingenious  devices  of  Professor  Bischof 
and  Dr.  Mills.  Until  we  have  definite 
evidence  that  no  organic  matter  is  oxid- 
ized, and  also  that  no  organic  matter  is 
volatilized  or  destroyed  by  the  heat 
required  in  evaporation,  it  follows  that 
evaporation  must  always  constitute  a 
possible  source  of  error  in  any  process 
where  the  determination  is  made  on  the 
residue.  Indeed,  we  cannot  resist  the 
conclusion  being  forced  upon  us  that 
after  all  our  trouble  we  may  be  simply 
estimating  the  harmless  organic  matter, 
that  which  was  poisonous  and  disease- 
producing  having  been  carefully  got  rid 
of  by  our  previous  work.  The  next  dif- 
ficulty, the  addition  of  the  solution  of 
sulphurous  acid,  is  an  important  one. 
From  a  careful  series  of  observations  the 
author  concludes  that  if  the  nitrogen 
present  as  nitrates  does  not  exceed  1  part 
in  100,000,  or  3.15  gramme  of  nitric  acid 
per  gallon,  the  reduction  of  the  nitrates 
is  complete  on  boiling  with  10  or  20  cc. 
of  the  sulphurous  acid  solution.  If,  how- 
ever, the  quantity  present  amounts  to 
1.5  per  100,000,  some  difficulty  was  ex- 
perienced in  effecting  complete  reduction, 
even  when  60  cc.  of  sulphurous  acid 
solution  were  used*  The  next  step  is  the 
combustion    of   the    residue,  the   deter- 
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ruination  of  organic  carbon,  and  is  quite 
accurate;  but  the  same  value  does  not 
attach  to  the  determinations  of  the  or- 
ganic nitrogen,  and  therefore  it  is  doubt- 
ful how  far  we  are  justified  in  drawing 
conclusions  as  to  the  source  of  the 
organic  matter,  i.  e.,  whether  it  is  vege- 
table or  animal,  from  the  proportion  which 
exists  between  the  organic  carbon  and 
nitrogen.  However,  the  process  has  so 
much  improved  on  acquaintance  that  the 
author  believes  it  to  be  of  great  value. 

The  processes  where  the  organic  mat- 
ter is  estimated  from  the  water  before 
evaporation  are  two :  The  Ammonia 
Process  and  the  Oxygen  Process.  The 
Ammonia  Process  consists  of  the  com- 
parative determination  of  the  nitrogenous 
organic  matter  by  the  quantity  of  am- 
monia (albuminoid  ammonia)  yielded  by 
the  destruction  of  the  organic  matter; 
this  destruction  is  effected  by  boiling  the 
water  in  the  presence  of  potassic  perman- 
ganate and  a  large  excess  of  caustic 
potash.  Waters  are  divided  by  the  au- 
thors of  this  process  into  three  classes  : 
Waters  of  extraordinary  organic  purity, 
yielding  0.000  to  0.5  part  per  million  of 
albuminoid  ammonia;  safe  waters,  yield- 
ing 0.5  to  0.10;  and  dirty  waters,  yielding 
more  than  0.10.  The  objections  made  to 
the  process  by  Dr.  Frankland  are,  that 
the  conversion  of  the  nitrogen  of  the 
org^jiic  matter  into  ammonia  is  seldom 
or  never  complete,  and  that  the  propor- 
tion of  nitrogen  converted  into  ammonia 
in  a  series  of  nitrogenized  bodies  varies 
widely.  There  is  a  certain  force  in  these 
objections.  If  the  organic  matter  of  all 
water  was  alike,  it  would  be  of  no  import- 
ance whether  the  whole  or  a  definite 
part  of  the  nitrogen  was  converted;  but 
inasmuch  as  in  all  probability  the  organic 
matter  of  one  water  is  not  the  organic 
matter  of  other  waters,  the  circumstance 
that  bodies  yield  their  nitrogen  as  albu- 
menoid  ammonia  in  vastly  different  pro- 
portions constitutes  an  objection  of  some 
importance.  Nevertheless,  this  objection 
can  be  overrated;  if  it  can  be  shown  that 
the  ammonia  process  indicates  clearly 
that  the  yield  of  albuminoid  ammonia 
keeps  pace  with  the  purity  or  impurity 
of  waters,  and  that  it  is  sufficiently  de- 
licate to  indicate  the  finer  grades  of 
purity,  the  fact  that  piperin  yields  all  its 
nitrogen,  whilst  thein  yields  one-fourth, 
is  of  little  significance  in  water  analysis, 


whatever  interest  such  facts  possess  for 
the  scientific  chemist.  It  must  be  re- 
membered that  Mr.  Wanklyn  has  repeat- 
edly and  distinctly  condemned  the  course 
taken  by  certain  chemists  in  regarding 
the  process  as  a  method  for  the  quanti- 
tative determination  of  nitrogen,  and 
asserts  that  his  process  only  answers  the 
question:  Is  this  water  wholesome  or  is 
it  not?  whilst  it  leaves  untouched  the 
question:  How  much  organic  nitrogen 
does  this  water  contain?  The  author 
proceeds  to  notice  some  practical  difficul- 
ties in  the  details  of  the  process.  It  is 
practically  impossible  to  prepare  the 
alkaline  solution  of  potassic  perman 
ganate  absolutely  free  from  ammonia, 
and  it  is  always  necessary  to  estimate 
the  quantity  of  ammonia  in  the  perman- 
ganate solution  and  deduct  this  from  the 
total  amount  obtained  in  the  actual  ex 
periment.  It  is  a  matter  of  extreme 
difficulty  to  effect  the  complete  (L  e.,  as 
complete  as  the  alkaline  permanganate 
solution  is  capable  of  effecting)  decom- 
position of  the  organic  matter  by  boiling 
the  water  with  the  permanganate  solu- 
tion. Thus,  you  distil  a  water  with 
permanganate  until  ammonia  ceases  to 
be  evolved,  and  then  leave  the  apjDaratus 
carefully  protected  from  contamination 
for  a  few  hours ;  on  redistilling,  a  second 
yield  of  ammonia,  often  equal  or  even 
larger  than  the  first,  is  obtained;  and  so, 
again  and  again,  fresh  quantities  of 
albuminoid  ammonia  may  be  obtained 
until  every  drop  of  water  in  the  retort 
has  been  distilled  over.  This  is  a  serious 
difficulty,  and  has,  in  one  case  at  least, 
led  one  analyst  to  report  a  water  to  be 
of  "extraordinary  organic  ptuity,"  whilst 
a  second  classes  the  same  water  as  a 
"  dirty  water "  and  entirely  unfit  to 
drink.  Sometimes,  too,  ammonia  seems 
to  disappear.  Thus,  the  permanganate 
solution  is  known  to  yield  a  certain 
quantity  of  ammonia  on  distillation.  It 
is  added  to  a  water,  and  the  two  dis- 
tilled, when  the  distillate  from  the  water, 
plus  the  permanganate,  contains  less  am- 
monia than  the  distillate  from  the  per- 
manganate alone.  As  regards  Neslerizing, 
a  serious  error  may  creep  in  from  the  fact 
that  eyes  are  very  far  from  being  equally 
sensitive  in  observing  and  in  classifying 
tints.  Thus,  out  of  a  large  number  of 
average  men  observing,  60  per  cent, 
failed  to  arrange  a  series  of  Nesler  test 
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solutions  in  the  proper  order  of  their 
tints.  The  presence  of  free  ammonia, 
within  certain  limits,  the  author  regards 
as  of  little  importance,  and  entirely  dis- 
agrees with  Mr.  Wanklyn  when  he  regards 
the  presence  of  more  than  0.08  part  of 
ammonia  per  million  as  evidence  that 
ammonia  proceeds  from  the  fermentation 
of  urea.  As  a  general  conclusion  from  a 
wide  experience,  the  author  thinks  that 
the  ammonia  process  gives  fairly  concord- 
ant results  when  uniformly  conducted, 
i.  e.,  given  solutions  made  by  the  same 
person,  the  same  hands  to  manipulate, 
the  same  eyes  to  judge  of  the  tint-depths. 
But  this  is  almost  a  fatal  objection  to  its 
general  employness:  for,  if  the  author's 
statements  be  time,  in  the  ammonia  pro- 
cess every  man  must  be  a  law  unto  him- 
self, whilst  one  man's  law  is  no  one  else's 
law.  Hence  comparisons  are  rendered 
impossible.  As  a  rule,  the  albuminoid- 
ammonia  process  enables  you  to  say 
whether  a  water  be  of  excellent  quality 
or  of  an  exceptionally  bad  quality;  but 
in  those  more  delicate  and  difficult  cases 
where  a  water  is  not  what  may  be  termed 
excellent,  but,  nevertheless,  is  not  "dirty,"' 
in  the  opinion  of  the  author  the  ammonia 
process  absolutely  and  entirely  fails. 

The  Oxygen  Process. — This  process, 
when  properly  carried  out,  is  much  relied 
on  by  the  author.  He  deprecates  most 
strongly  the  ordinary  method  of  using  it. 
The  proper  plan  of  using  the  permanga- 
nate is  the  following:  Into  two  20-oz. 
flasks,  cleaned  by  rinsing  with  sulphuric 
acid,  and  then  thorough  washing  under 
the  tap,  place  500  septems  (1  septem  =  7 
grains  =  10100th  gallon)  of  the  water,  add 
to  each  20  septems  of  dilute  (1  in  3)  sul- 
phuric acid  and  20  septems  of  the  per- 
manganate solution  (2  grains  in  1000 
septems).  Note  the  exact  time  at  which 
the  permanganate  solution  was  added ;  at 
the  same  time  two  similar  quantities  of 
distilled  water  are  to  be  treated  in  pre- 
cisely the  same  manner.  At  the  end  of 
one  hour  and  of  three  hours  the  oxygen 
used  up  by  the  water  is  to  be  determined. 
To  the  flasks,  after  standing  the  appointed 
time,  add  a  sufficiency  of  potassic  iodide 
(1  in  10),  and  then  a  standard  solution  of 
sodic  hyposulphite  (5.4  grains  in  1000 
septems)  until  the  whole  of  the  free  iodine 
is  removed,  judging  of  the  exact  spot  by 
the  addition,  towards  the  end  of  the  ex- 
periment, of  a  few  drops  of  starch  solu- 


tion. By  deducting  the  quantity  of  0x3- 
gen  equivalent  to  the  hypo-solution  used 
from  that  in  the  quantity  of  permanganate 
originally  added,  we  obtain  the  quantity 
of  oxygen  used  by  the  water.  The  blank 
experiments  with  distilled  water  give  the 
I  value  of  the  hypo-solution.  It  is  obvious 
I  the  samples  of  water  must  have  a  pink 
tint  at  the  end  of  the  one  hour  or  the  three 
hours,  otherwise  fresh  experiments  must 
be  made  with  larger  doses  of  permanga- 
nate. The  author  then  proceeds  to  con- 
sider the  interference  of  various  sub- 
stances with  the  process.  He  concludes 
that  the  only  important  errors  which  can 
arise  would  .  be  due  to  the  presence  of 
ferrous  salts,  sulphuretted  hydrogen  and 
nitrites.  The  presence  of  the  first  two 
substances  would  be  sure  to  be  discovered 
in  the  analysis,  and  by  taste  or  smell ;  the 
nitrites  act  immediately  on  the  perman- 
ganate solution,  and  any  decolorization 
taking  place  during  the  first  five  minutes 
must  be  due  to  nitrites  and  allowed  for. 
Besides,  even  if  a  careless  manipulator 
was  to  miss  the  iron,  the  sulphuretted 
hydrogen  and  the  nitrites,  and  estimate 
the  whole  as  oxidizable  organic  matter, 
he  would  simply  condemn  a  good  water, 
but  could  never,  by  using  the  oxygen 
process,  pass  a  bad  water  as  harmless. 
It  is  admitted  that  permanganate  fails  to 
oxidize  some  substances,  such  as  urea ; 
but,  nevertheless,  the  quantity  of  oxygen 
used  affords  evidence  of  the  relative  quan- 
tity of  matter  in  the  water  which  is  likely 
to  be  injurious,  and  this  is  what  we  want 
in  water  analysis,  as  it  enables  us  to  speak 
with  confidence  as  to  the  use  or  rejection 
of  a  water  for  drinking  purposes.  The 
quantity  of  oxygen  used  during  the  first 
hour,  as  compared  with  that  used  in  the 
first  three  hours,  gives  valuable  informa- 
tion as  to  the  relative  quantities  of  pu- 
trescent, easily  oxidizable  matter,  and  of 
non-putrescent  and  less  easily  oxidizable 
matters.  The  author  also  recommends, 
as  a  valuable  accessory,  the  tint  of  the 
water  as  seen  viewed  through  a  2-feet 
tube  2  inches  in  diameter,  daylight  re- 
flected from  a  white  card  being  used. 
This  tube  is  of  sj>ecial  value  in  determin- 
ing whether  a  water  is  peaty  or  not.  In 
some  cases  the  tint  gives  a  clue  to  the 
quantity  of  organic  matter  present.  The 
author  has  collected  and  plotted  out  in 
curves  the  results  obtained  by  Dr.  Frank- 
land  using  the  combustion  process,  and 
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these  obtained  by  Dr.  Letheby  and  him- 
self using  the  oxygen  process,  and  those 
obtained  with  the  ammonia  process,  with 
the  waters  of  the  eight  London  com- 
panies, since  1870.  He  finds  that  the 
curves  of  the  oxygen  and  combustion 
processes  are  strikingly  concordant, whilst 
that  of  the  ammonia  process  agrees  with 
neither.  The  author  has  also  divided 
these  results  into  classes,  making,  as  far 
as  possible,  classes  (with  the  three  me- 
thods of  estimating  the  organic  matter) 
which  should  be  comparable  with  each 
other.  Thus,  Class  I.  contains  waters  of 
great  organic  purity,  which  require  less 
than  0.05  parts  of  oxygen  per  100,000  to 
oxidize  their  organic  matter,  or  which 
give  less  than  0.1  part  per  100,000  of  or- 
ganic carbon  and  nitrogen,  or  which  yield 
less  than  0.05  parts  per  1,000,000  of  al- 
buminoid ammonia.  Compared  in  this 
way,  out  of  1686  experiments,  the  oxygen 
and  combustion  processes  tell  the  same 
tale  in  1418  cases,  and  of  the  rest  a  large 
proportion  have  differences  depending  on 
the  third  decimal  place.  The  results  by 
the  ammonia  process  correspond,  save  in 
a  very  general  way,  neither  with  those  of 
the  oxygen  process  nor  with  those  ob- 
tained by  the  combustion  process.  The 
author  has  analyzed,  moreover,  200  mis- 
cellaneous waters,  using  the  three  pro- 
cesses in  each  case.  Of  these,  94  were 
placed  in  the  first  class  by  the  oxygen, 
and  92  by  the  combustion  process,  whilst 
only  42  were  placed  in  the  first  class  by 
the  ammonia  process.  It  must  be  under- 
stood that  the  author  deprecates  most 


strongly  the  judging  of  a  water  by  one 
constituent  without  reference  to  its  com- 
plete analysis  and  natural  history,  and 
has  only  instituted  these  classes  for  the 
sake  of  comparing  results.  The  relative 
value  of  the  three  processes  may  be  briefly 
summed  up  as  follows.  The  Ammonia 
Process  furnishes  results  which  are 
marked  by  singular  inconstancy,  and  are 
not  delicate  enough  to  allow  the  recogni- 
tion and  classification  of  the  finer  grades 
of  purity  or  impurity.  The  errors  inci- 
dental to  the  process  form  an  array  of 
difficulties  which  become  infinitely  seri- 
ous, seeing  that  the  range  (from  0.05  to 
0.1  parts  per  million)  between  pure  and 
dirty  waters  is  comparatively  small.  The 
Combustion  Process  has  all  the  evils  of 
evaporation  to  encounter,  but  the  organic- 
carbon  estimation  is  trustworthy ;  the  or- 
ganic nitrogen  determination,  however, 
scarcely  yields  absolutely  trustworthy  evi- 
dence on  which  to  found  an  opinion  as  to 
the  probable  source  of  the  organic  mat- 
ter. 

The  Oxygen  Process  avoids  the  errors 
incidental  to  evaporation;  its  results  are 
constant  and  extremely  delicate,  it  draws 
a  sharp  line  between  putrescent  and  prob- 
ably pernicious,  and  the  non-putrescent 
and  probably  harmless,  organic  matter. 
By  it  a  bad  water  would  never  be  passed 
as  good.  As  far  as  the  three  processes 
are  concerned,  the  oxygen  and  combus- 
tion processes  give  closely  concordant 
results,  whilst  those  yielded  by  the  am- 
monia process  are  often  at  direct  variance 
with  both. 
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From  "The  Engineer." 


Our  correspondents  in  the  Sheffield 
and  Birmingham  districts  have  often  re- 
ferred to  the  competition  experienced  by 
the  manufacturers  in  their  districts  with 
the  cheaper  productions  of  American 
manufacturers  and  factors.  For  the  evi- 
dence of  that  competition  we  need  not 
now  go  to  our  producing  districts.  We 
find  it  in  every  ironmonger's  shop  in 
town  and  country,  and  particularly  in 
furnishing   ironmongery   stores.      If  we 


ask  for  locks,  gas  standards,  roller-blind 
fittings,  small  brackets,  hooks  and  hat 
pegs,  domestic  apparatus  and  tools,  sub- 
stantial toys,  and  very  many  other  things, 
we  are  shown  American  productions. 
The  reason  for  this  is  not  sufficiently 
obvious  in  all  cases,  though  in  many 
cheapness  is  the  explanation."  In  some 
things,  as  for  instance  small  brackets  and 
pegs,  the  patterns  are  new  in  their  light- 
ness  and   suitability  for  their   intended 
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purposes.      But    in    the   case    of   many 
things,    the   reason   for    the    preference 
which  English  ironmongers  plainly  show 
for  American  goods  is  not  superficial.    It 
is  not  altogether  the  lowness  of  price  at 
which  he  can  buy  the  goods,  for  the  low 
price  at  which  he  sells  them  jnevents  any 
heavy  profit.     The  real  reasons  are,  how- 
ever,   not   far  to  see.      To   begin   with, 
hardly  any  English   small   castings   are 
anything  like  as  fine  in  surface,  light  in 
pattern,  and  cleanly  turned  out  as  are 
these  American  things.     Small   English 
castings    often   show   the   joint   in    the 
mould  in  which   they  are  cast,  fins  are 
often   not   absent;    and  they  are   either 
turned  out  uncoated,  or  are  daubed  with 
a  common  black  or  dipped  into  a  com- 
moner.    Most  often  screw  holes  are  too 
large    or   too    small.      The   countersunk 
part  is  large  and  flat,  while  the  actual 
hole  is  small.     Hence  a  small  reamer  is 
required   to   prepare   the  holes  for   the 
screws,  and  few   carpenters   would   feel 
themselves  prepared  to  go  and  fix  a  set 
of  door  and  window  furniture  without  a 
counter-sinking  rose  bit,  and  even  then 
he    must   fix   with   screws   with    bright 
heads,  which   soon   rust.      All   this   the 
Americans  have  changed.     Their  castings 
are  light,  though  strong  in  design,  they 
are   clean,    and   are   touched  up   on   an 
emery    or    grindstone,    and    are    nicely 
coated  with   a   clear   brown   varnish   of 
great  toughness  and  strength.    The  holes 
are  almost  invariably  properly  prepared 
to   receive   the   screws  for  fixing.     The 
screws  themselves  are  colored  to  match 
the  ironwork  and,  at  the  same  time,  pre- 
vent  rusting.     The   holes,    too,    are   ar- 
ranged so  that  where  the  greatest  strain 
comes  there  are  the  most  screws.     Now 
th*ese  are  reasons  which  affect  the  pur- 
chaser only,  but  there  are  other  reasons 
which  affect  the  ironmonger,  and  which 
explain    why   he  is    so   ready   to    show 
his  customer  the  American  articles.     All 
the    small    articles    to    which    we   have 
referred   are   sent    out  by  the    English 
manufacturer  done  up  in  separate  papers, 
or  in  paper  packets  tied  up  with  string. 
Thus  when  the  ironmonger  wants  even 
one  article,  or  only  wishes  to  show  one 
to  a  customer,  he  has  to  undo  a  string, 
unfold  paper  or  papers,  do  these  papers 
up  again,  tie  them,  and  re-arrange    the 
label  on  the  package.     Instead  of  this  old 
bungling  way  of  keeping  store  and  serv- 


ing   customers,    the    Americans    supply 
their  articles  in  paper  boxes,  sufficiently 
strong  to  last  out  the  sale  of  the  articles, 
one  or  two  at  a  time.     These  boxes  are 
easily  and  neatly  stacked,  the  labels  are 
fixed  once  for  all,  and  to  open  one  and  show 
its  contents,  or  take  some  out  and  reclose 
the  box,  is  the  work  of  a  moment.     This 
question  is  one  of  much  greater  import- 
ance than  it  at  first  sight  appears.    Fold- 
ing up  and  re-tieing  parcels  is  irksome 
and  exceedingly  uninteresting  work,  and 
is  such  as  is  not  done  very  quickly  at 
anj7  time.     Piles  of  packages,  which  have 
been  taken  down  to  show  customers,  col- 
lect   on    the    counters   to   be    done    uj> 
"presently,"  because  they  cannot  be  done 
up  while  the  customer  is  being  served. 
These  have  to  be  done  up,  and  some  one 
must  do  it.     Here  is  an  important  sav- 
ing.    One    London    ironmonger,  whose 
sales    in   fiTrnishing    ironmongery  in   a 
moderate  size  shop  consist  of  about  one- 
half  American  articles,  recently  assured 
us  that  he  had,  from  the  saving  of  labor 
in  this  way,  been  able  to  dispense  with 
about  one-fourth  the  assistance  he  would 
otherwise  have  required  for  the  increased 
business  done  in  small  articles.     Again, 
not   only   do   tradesmen   and   assistants 
appreciate  the  saving  in  time  in  serving 
customers,  but  the  work  is  so  very  much 
cleaner  for  them,  and  the  work  of  clear- 
ing up  after  closing  is  reduced  almost  to 
nil.     The  same  ironmonger  also  assured 
us   that   ready  as  is  the   sale   of  these 
American   articles,   he  is  unable   to   get 
them  as  fast  as  he  could  wish.     The  re- 
ceipt of  the  goods  is  irregular,  and  is  not 
likely  to  be  regular  as  those  from  English 
makers.     He  would  therefore  prefer  buy- 
ing of  the  English   maker,  if  he  would 
produce  at  the  same  price  equally  well 
designed  and  finished  articles,  packed  as 
conveniently  as   by  the   American   com- 
petitor.    In  a  recent  note  we  recorded 
the  relative  consumption  of  paper  by  the 
different  nations  of  the  world,  and  ob- 
served that  the  consumption  per  head  of 
the  American  population  was  far  in  excess 
of  that  of  any  other  country.     Part  of 
this  excess  is  probably  explained  by  the 
large  use  of  paper  in  the  manufacture  of 
boxes  for  packing.     These,  of  course,  it 
may  be  said,  only  take  the  place  of  our 
paper,  but  this  is  not  the  case.     A  con- 
siderable  number   of   articles    are    here 
wrapped  up  in  very  thin  paper,  and  en- 
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•closed  in  one  strong  wrap.  The  same 
article  would  in  America,  and  by  Ameri- 
can factors,  he  sent  out  in  boxes  contain- 
ing about  a  dozen,  or  dozen  pairs  of  the 
same  articles,  and  the  boxes  weigh  more 
than  the  paper  wrap.  How  much  pre- 
ferable the  box  system  is  may  be  ac- 
knowledged by  every  one,  and  before 
Americans  satisfy  English  demand  by 
regular  supply,  it  will  be  well  for  our 
manufacturers  to  look  about  them,  and 
produce  clean,  light,  well-finished  articles 
and  apparatus,  packed  and  delivered  in  a 
manner  tempting  not  only  to  the  con- 
sumer, but  to  the  retail  dealer.  Are 
Englishmen  to  be  beaten  on  their  own 
ground  in  this  way  because  men  and 
masters  cannot  or  will  not  depart  from 
old  errors  of  reasonless  custom  ?  There 
seems  something  of  disgrace '  in  the  fact 
that  the  producers  of  another  land  should 
have,  even  so  far  as  they  have,  taken  the 
place  of  home  producers?  The  retail 
ironmongers  tell  us,  when  speaking  of 
the  fine,  clean,  finished  castings,  that 
"the  English  cannot  do  it."  Cannot  do 
it !  Surely  to  be  told  this  ought  to  make 
some  of  the  more  energetic  and  ingenious 
of  our  manufacturers  prove  by  works  that 
it  is  false.  To  a  certain  extent  it  is  false, 
for  we  know  of  founders  who  produce 
fine  machinery  castings  of  the  most  ex- 
cellent cleanness  and  finish.  This  is, 
however,  far  from  general,  and  though  it 
is  not  true  that  English  manufacturers 
cannot  produce  clean,  fine,  well  finished, 
and  cheaj)  work,  it  is  true  that  they  can- 
not, or  at  least  have  not,  produced  it  in 
accordance  with  that  most  important  con- 
dition, price.  , 
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IT^ngineers'  Club  of  Philadelphia. — At 
JJ  the  recent  annual  meeting  the  following 
gentlemen  were  elected  officers  of  the  Engineers' 
Club  of  Philadelphia,  to  serve  during  the  year 
beginning  January  Uth,  1879  : 

President — T.  C.  Clarke;  Vice-President — J. 
B.  Knight ;  Corresponding  Secretary  and  Treas- 
urer— Charles  E.  Billin ;  Recording  Secretary — 
Herman  Hoops;  Directors — William  G.  Neilson, 
D.  McN.  Stauffer,  Rudolph  Hering,  Coleman 
Sellers,  Jr. ,  Percival  Roberts,  Jr. 

Ax  the  last  meeting  of  the  Northern  Archi- 
tectural Association  Mr.  W.   H.   Dunn 
read  a  paper  on  "Concrete."     He  described  the 
many  forms  in  which  concrete  could  be  used  in 
building  constructions,  showing  its  adaptiveness 
"Vol.  XX—  No.  2—12 


for  foundations  and  fire-resisting  floors  and 
roofing,  and  the  possibility  of  a  much  more 
general  application  of  the  material.  In  ac- 
counting for  the  shyness  which  the  public  bad 
entertained  for  concrete  work,  he  thought  that 
the  early  promoters  had  much  to  do  with  the 
false  impression,  their  great  argument  being 
"cheapness  and  expedition,"  and  this  seemed 
rather  characteristic  of  bad  work.  From  his 
experience  concrete  was  neither  so  very  cheap 
nor  yet  so  expeditious  for  house  building,  its 
virtue  consisting  more  of  "utility  and  useful- 
ness," and,  instead  of  being  so  expeditious,  was 
in  reality  a  slow  setting  material,  and  when 
treated  in  its.  true  and  legitimate  way  was  most 
reliable.  Under  the  section  of  "Flooring,"  Mr. 
Dunn  referred  to  the  several  works  in  which  he 
had  introduced  concrete  for  large  spans,  men- 
tioning that  he  had  recently  executed  a  floor 
with  a  clear  span  of  21ft.  by  18ft.  6in.  without 
any  intervening  supports.  In  describing  the 
application  of  different  kinds  of  concrete,  he 
stated  that  for  malting  working  floors  he  had 
used  a  compound  of  riddled  marl,  slaked  lime, 
and  Portland  cement,  which,  whilst  forming  a 
durable  floor,  also  retained  and  gave  moisture ; 
thus  assisting  the  growth  of  the  malt.  The 
paper  was  illustrated  with  working  drawings 
of  works  in  concrete  he  had  executed. 

AT  the  meeting  of  the  Scientific  and  Mecha- 
nical Society,  held  recently,  Mr.  I.  Bowes 
read  a  paper  on  the  utilization  of  blast  furnace 
slag  and  other  waste  products.  After  briefly 
alluding  to  the  great  saving  now  effected  at 
many  collieries  by  washing  the  small  coal 
and  making  it  into  coke  instead  of  burning 
it  in  the  pit  heaps  as  fonnerly,  and  to  the  useful 
products  made  from  what  was  once  the^  refuse 
of  gas  manufacturers,  he  spoke  of  what  was 
now  being  done  in  the  manufacture  of  useful 
commodities  from  blast  furnace  slag.  About 
30  cwt.  of  slag  is  made  for  every  ton  of  pig 
iron,  and  in  the  Cleveland  district  alone  from 
three  to  four  millions  of  tons  of  this  slag  are 
made  annually.  Some  millions  of  tons  have 
been  deposited  on  the  banks  of  the  River  Tees 
and  in  forming  an  immense  breakwater,  which 
stretches  out  into  the  sea  some  miles  at  the 
mouth  of  the  river.  A  few  years  ago  Mr. 
Charles  Wood,  of  Middlesbrough,  Mr  Wood- 
ward, and  others,  commenced  making  bricks. 
paving  sets,  concrete,  and  other  articles  from 
it,  and  two  companies  are  now  at  work  making 
these  articles.  About  three  millions  of  bricks 
are  made  annually,  and  sent  principally  to  Lon- 
don by  water  carriage ;  and  streets  and  crossings 
have  been  paved  with  these  sets  in  several  towns 
of  the  North  of  England.  At  some  of  the  fur- 
naces on  the  west  coast  the  same  articles  have 
.been  produced  from  slag,  and  buildings,  river 
walls,  water  courses,  etc. ,  constructed  from  the 
articles  made.  Glass  works  are  now  in  opera- 
tion at  blast  furnaces  in  Northamptonshire, 
where  the  slag  is  run  direct  from  the  iron  fur- 
nace into  the  glass  furnace,  mixed  with  other 
materials,  and  then  used  for  making  bottles  and 
other  articles  of  glass.  Mr.  A.  Jacob,  borough 
engineer  of  Salford,  is  now  using  the  sets  to 
pave  alongside  the  tram  rails  which  are  being 
put  down  in  Eccles  Old  road. 
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IRON  AND  STEEL  NOTES-  Cost  is  iu  all  cases  a  most  important  feature 

,  of  preservative  operations.     We  are  told  that 
rotection   of  Ikon  from  Oxydation. —   the  cost  of  platinizing  is  about  equal  to  that  of 


P 


We  have  on  many  occasions  drawn  the 
attention  of  our  readers  to  various  devices  sug- 
gested for  preventing  the  oxydation  which  in- 
variably occurs  when  iron  is  exposed  to  the  ac- 
tion of  the  weather.  The  two  latest  of  these, 
namely,  those  of  Professor  Barff  and  Mr. 
Bower,  depend  upon  the  production  of  a  super- 
ficial coating  of  magnetic  oxide,  and,  however 
excellent  in  their  way,  can  scarcely  be  termed 
ornamental.  When  any  other  color  than  bluish- 
grey  is  required  they  are  wholly  inapplicable, 
and  the  material  has  to  be  painted  in  the  ordin- 
ary way.  We  have  lately  had  submitted  to  us 
some  specimens  of  ironwork,  suited  to  the  most 
exacting  requirements  of  ornament,  and  at  the 


applying  three  coats  of  paint,  and  about  one- 
tenth  of  that  of  electro-plating  with  nickel. 
These  statements  have  reference  to  Paris  prices. 
which  as  a  usual  rule  are  not  lower  than  Eng- 
lish. A  detailed  account  of  the  treatment  of 
eight  stoves  is  as  follows  : — 

fr. 

1  litre  preparation  (retail) 3.75 

1st  furnace  operation 3. 20 

Reagents  for  platinizing 4.00 

2nd  furnace  operation." 3.20 

Manipulation,  wear  and  tear,  &c.  ...  1.85 

16.00 
Or  2  fr.  per  stove.     The  trade  is  quite  willing 


same  time  capable  of  withstanding,  apparently  |  to  pay  four  times  this  rate,  as  to  electro-nickel 


for  many  years,  the  action  of  the  weather,  pre 
pared  by  a  process  invented  by  Mr.  J.  B.  A. 
Dode,  of  Paris,  which  seems  to  promise  exceed- 
ingly well  for  those  many  cases  wherein  orna- 
mental effects  are  desired  as  well  as  simple  pro- 
tection from  corrosion.  For  example,  the  rail- 
ings surrounding  the  British  Museum,  and  the 
lamp-posts  of  new  designs  used  in  the  City,  are 
periodically  painted  and  gilt  at  short  intervals, 
the  expense,  in  comparison  with  the  effect  and 
durability,  being  enormous.  It  has  often  struck 
us,  while  watching  the  elaborate  and  tedious 


a  stove  costs  from  32  fr.  to  40  fr.  For  some 
special  manufactures  the  new  process  appears 
to  promise  particularly  well,  and  we  under^ 
stand  that  the  Val  d'Osne  Company  have  ex- 
pressed a  highly  favorable  opinion  of  it.  Such 
manufacturers,  who  can  treat  their  castings  be- 
fore they  cool,  will  find  a  still  further  economy 
in  what  already  seems  to  be  a  very  cheap  and 
efficient  process. 


RAILWAY  NOTES, 


process  of  gilding  ironwork  in  the  open  air,  |      .     ^ 

that  some  less  wasteful  method  ought  to  be      A  ^ORTyGTJESE  railway  of  considerable  im- 

-£A_    portance,  known  as  the  Beira  Alta  Rail- 


adopted.     Such  a  method  is  certainly  that  we 


way,  and  forming  a  junction  with  the  Northern 


are  about  to  describe,  and  without  savin*  it  is  j  £*£•  <*uu  ^^^g  a  junction  witn  the  ^ortheri 
the  best,  we  are  bound  to  say  it  is  a  good  one,  I  railway  at  Fampilhosa,  is  about  to  be  built 
and  has  satisfactorily  stood  every  test  we  have  I  n  „  c/°,ss  ™e  Busacs  range,  pass  through  the 
applied.  As  a  new  process  it  has  yet  to  prove  +  -f^,  ^  ^ondega  t0  Ghiarda,  and  terminate 
how  time  and  weather  affect  it ;  but  when  this  !  SJ,   v.m+ai*  formosa,    on  the   Spanish  frontier. 

•  Ihe  total  length  of  the  road  will  be  only  125 
miles,  but  the  line  will  be  important  because  it 
will  open  up  a  fertile  and  well  populated  dis- 
trict, at  present  without  any  railway  facilities, 
and  also  form  the  missing  link  of  the  direct  or 
international  route  between  Lisbon  and  Paris 
by  the  north  of  Spain.  The  present  railway 
bright  scaleVof  'precipitated  platinum.""  A  red  j  communication  between  the  two  capitals  is  1449 


is  done  there  is  little  doubt  that  "  platinized 
iron  "  will  become  as  familiar  a  term  as  "  oxi- 
dised iron." 

The  principle  of  Mr.  Dode's  method  is  to  coat 
the  surface  to  be  protected  with  a  thin  film  of 
borate  of  lead  having  a  little  oxide  of  copper 
dissolved  in  it,  and  having  also  suspended  in  it 


miles  in  length. 


heat  is  employed  to  fuse  the  composition,  which    "  .„  ,  m  \eu  §"*»  wmie 
is  rithfii-  nrmlipd   with   a,  brush  or  emnlnved   M    WlU  be  on}7  1171  miles, 


i,  while  by  the  Beira  Alta  line  it 
is  either  applied  with  a  brush  or  employed  as  j  ™"J .  uc  "^  V71  miles,  or  273  miles  less.  The 
a  bath,  in  which  small  articles  may  be  dipped.  I  conrract  tor  its  construction  and  working  has 
Its  effect  is,  to  cover  the  iron  with  a  thin  glassy  I  ]~  ■  D( 
coating  of  a  bright  grey  tint,  not  far  removed 


from  that  of  polished  iron  itself,  and  unaffected 
by  sewer  gases,  dilute  acids  and  alkalis,  and  the 
heat  of  a  kitchen  fire.  Modifications  of  the 
composition  give  the  means  of  imparting  dif- 
ferent colors  to  the  coating,  and  these  are  as 
easy  of  application  as  the  platinum  grey  just 
mentioned.  The  effects  are  really  very  good, 
and  show  how  ornamental  an  iron  grating  of 
neat  pattern,  or  an  iron  frieze  might  be  in  front 
of  a  gallery  in  a  large  building,    or  in  any 


Pans,  which  binds  itself  to  open  the  road  in 
four  years.  The  Portuguese  Government 
grants  a  cash  subsidy  of  £8225  per  mile,  the 
total  estimated  cost  being  £11,719  per  mile. 
For  this  and  other  aid,  in  the  way  of  lands  and 
buildings,  and  exemptions  from  duties  and 
imposts,  it  will  exact  a  "transit  duty  of  five 
per  cent,  on  fares  for  freight  and  passengers." 

V.ome  interesting  statistics  have  recently  been 
O  published  on  the  railways  of  the  world,  by 
Prof.  JN  eumann-Spallart,  of  Vienna.  During 
equally  elevated  position.  There  is,  too,  an  op-  j  the  last  three  decennial  periods  the  length  of 
portunity  for  the  City  or  Cathedral  authorities  i  the  railroads  in  Em-ope  has  risen  from  9000 
to  venture  upon  an  experiment  which  deserves  I  kilometers  to  154,200.  In  that  total  the  share 
trying.  The  railings  round  St.  Paul's  Cathedral  I  of  Germany  is  30,000  kilos. ;  Great  Britain  and 
are  to  be  redecorated,  simultaneously  with  the  Ireland,  27,500;  Austro-Hungary,  24  800- 
improvement  of  the  churchyard.  Instead  of  France,  23,400;  Russia,  18.000,  &c.  The  re- 
adopting  the  present  expensive  method  of  gild  suit  is  that  in  this  quarter'  of  'the  world  ihe 
ing,  why  not  coat  them  with  Mr.  Dode's  com-  j  number  of  kilometers  of  lines  is  150  to  each 
position,  at  (we  are  informed)aboutJg  of  the  cost  v !  superficies  of  1000  square  kilos.,  and  4  4-5  kilos. 


RAILWAY    :S"OTES. 
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per  10,000  inhabitants.  Those  averages  are,  in  the  former  year  the  total  receipts  per  kilo- 
however,  exceeded  in  Great  Britain,  Belgium,  J  meter  were  £1375,  they  had  sunk  in  1870  to 
France,  Switzerland,  Holland,  &c.  In  America,  j  £1141  per  kilometer.  It  is  a  notable  fact  that 
the  United  States  commenced  in  1830  with  42  in  late  years  there  has  been  a  steady  diminution 
kilos. ;  at  present  they  possess  128,000,  or  133  per  j  in  the  number  of  passengers  traveling  fi  rsl  cla  -  - . 
1000  square  kilos  ,  and  28  per  10,000  inhabit- 


ants. The  professor,  however,  states  that  this 
result  has  been  attained  by  a  loss  to  the  share- 
holders of  4,000,000, COO  marks  (If.  25c  )  from 
1872  to  1877.  The  other  States  in  that  part  of 
the  world, only  possess  17,000  kilos  of  railway, 
of  which  7000  belong  to  Canada,  In  Asia, 
China  remains  closed  to  that  system  of  com- 
munication, while  British  India,  including 
Ceylon,  has  11,000  kilos.,  or  46  per  1000  square 
kilos.,  and  half  a  kilo,  per  10,000  people. 
Africa  has  2800  kilos.,-  of  which  1800  belong  to 
Egypt.  Australia  has  4000  kilos.,  principally 
situated  in  the  part  of  the  continent  which  con- 
tains the  colony  of  Victoria,  then  Tasmania, 
and  finally  Hew  Zealand.  In  Oceania,  Otaheite 
has  a  little  railroad  The  capital  invested  in  all 
the  railroads  of  the  globe  exceeds  £3,500,000,000. 
Those  lines  dispose  of  62,000  locomotives, 
112,000  passenger  carriages,  and  1,500,000 
goods  trucks  They  carry  yearly  1,500,000,000 
persons  and  1,600,000,000  tons  of  merchandize 
annually. 

rip  he  Federal  railway  department  has  recently 
JL  published  an  interesting  and  elaborate 
statement  of  the  position  of  the  Swiss  railways 
in  the  years  1874  and  1876.  In  the  former  year 
the  total  length  of  railways  in  the  territory  of 
the  confederation  was  1020  miles ;  in  1876,  1472 
miles,  being  an  increase  of  452 — nearly  50  per 
cent.  The  principal  lines  are  the  Aargau 
Wohlen-Bremgarten,  with  215  miles;  the  Jura- 
Berne-Lucerne  and  the  Boedeh,  which,  together 
with  the  Berne  State  lines,  count  318  miles;  the 
Swiss  North-Eastern,  319  miles;  the  Swiss 
Western  and  its  subsidiary  lines,  351  miles; 
and  the  Swiss  Union,  with  the  lines  Toggen- 
bourg  and  Wald-Ruti,  195  miles.  The  remain- 
ing mileage  is  made  up  of  ten  smaller  lines 
from  the  Rohrshach-Heiden  and  the  Uethberg, 
with  their  five  miles  each,  to  the  Gothard  and 
the  Swiss  National,  with  their  forty  and  forty- 
seven  miles  respectively.  In  this  list  are  in- 
cluded only  lines  that  were  actually  working  at 
the  time  in  question — the  31st  December,  1876; 
but  the  increase  since  that  date  is  not  consider- 
able. The  cost  of  constructing  these  lines  is 
put  down  at  £33,606,300,  and  "the  capital  em- 
ployed in  working  them  at  £28,728,000.  The 
rolling  stock  consisted  of  549  locomotives  and 
1662  carriages,  capable  of  accommodating 
73,243  passengers;  and  8352  wagons,  with  a 
carrying  capacity  of  84,605  tons.  The  distance 
run  by  these  549  locomotives  in  1876  was 
8,857.550  miles— 14,310  miles  each.  The  ma- 
terial  served  to  transport  23,815,207  passengers, 
82.036  tons  of  luggage,  694,694  head  of  cattle, 
horses  and  dogs,  and  5,669,364  tons  of  mer- 
chandize. The  receipts  from  passenger  traffic 
amounted  in  1874  to  £831,200;  in  1875  to 
28,948;  and  in  1876  to  £976,800. 


and  an  increase  in  the  numbers  cf  those  travel- 
ing second  and  third-class.  In  1870,  our  of 
every  100  pasjengesrs  6.99  took  first-class,  33  63 
second-class,  and  59.38  third-class  tickets.  It  is 
stated  that  the  market  value  of  eighteen  com- 
panies, with  an  aggregate  paid-up  capital  of  43 
millions  sterling,  does  not  exceed  23  millions — 
a  depreciation  of  20  millions— an  enormous  loss 
for  so  small  a  country  as  Switzerland. 

IMPROVEMENT  IN  RAILROAD  TRACKS  — 
Anaxamander  Herring,  of  Cohoes,  has  in- 
vented a  new  and  useful  mode  of  securing  an 
elastic  railroad  track  or  bearing,  and  destroyin2 
the  effect  of  the  percussive  force  of  railroad 
cars  upon  the  rails  and  supports,  and  upon  the 
cars.. 

The  nature  of  the  invention  consists  in  the 
employment  of  sand  between  the  parts  of  the 
pillow-blocks  which  support  railroad-rails  on 
iron  bridges,  or  elevated  railways. 

By  this  invention  an  elastic  track  on  iron 
bridges  can  be  secured  without  the  aid  of  metal 
and  rubber  springs  or  combustible  materials, 
such  as  wood  ;  at  the  same  time  the  effect  of 
the  percussive  action  of  cars  upon  the  metal 
railroad-bridge  heretofore  experienced  is  de- 
stroyed ;  the  shaking  and  loosening  of  the  parts 
of  the  bridge  structure,  as  well  as  the  jarring 
of  the  rail-cars  is  also  avoided,  this  result  being 
due  to  the  fact  that  the  sand  serves  to  absorb 
the  blows  due  to  the  weight  and  motion  of  the 
cars  as  they  roll  over  the  track,  while  it  serves 
to  effectually  deaden  the  sound  experienced  in 
elevated  railways. 

Mr.  Herring's  claim  is  as  follows  : 

1.  Sand  as  a  cushion  for  railroad-rails,  car- 
bodies,  and  other  analogous  uses,  applied  be- 
tween the  upper  head  of  a  drum  or  chamber, 
and  a  piston. 

2.  Sand  as  a  cushion  for  rails  and  other  ob- 
jects, applied  between  the  heads  of  a  drum  or 
chamber,  and  the  upper  and  lower  ends  of  a 
piston. 

3.  The  drum  or  chamber,  packed  with  sand 
and  provided  with  a  piston,  the  stem  or  rod  of 
which  is  fastened  to  a  foundation,  and  haviug  a 
railroad-rail  shoe  or  chair  formed  on  its  upper 
head. 

4.  The  drum  or  chamber  packed  with  sand 
and  provided  with  a  piston,  and  having  sand- 
supply  holes. 


ENGINEERING  STRUCTURES. 


The  Avonmouth  Dock. — At  the  meeting  of 
the  Institution  of  Civil  Engineers,  held  on 
Tuesday,  November  12,  the  first  paper  read  was 
on   "The  Avonmouth   Dock,"   by   Mr.    J.    B. 
Mackenzie,  M.  Inst.  C.E. 
Bristol  at  an  early  period  of  history  was  one 
The  total  j  of  -the  chief  shipping  ports  in   the  kingdom. 
receipts  from  all  sources,  in  which  1874  reached  !  Down  to  the  era  of  ocean  steamers,  it  was  ac- 
£2,086,000,  had  increased  in  1876  to  £2,427,240; !  counted  oulv  second  in  importance  to  the  port 
at  this  increase  was  far  from  being  commensu-  i  of  London,  but  subsequently-  de  clined  to  a  corn- 
rate  with  the  increase  in  mileage;  for,  whereas  !  paratively  subordinate  rank.      The    paper  de- 


180 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


scribed  various  schemes  by  different  engineers 
for  the  improvement  of  the  port  from  tbe  time 
of  Smeaton  to  the  year  1860,  of  which  only  one 
by  Jessop  had  been  carried  out.  In  1864,  Mr. 
Brunlees,  Vice  President  Inst.  C.E.,  recom- 
mended a  scheme  for  a  dock  at  the  mouth  of 
the  Avon,  which  had  been  previously  suggested. 
It  was  undertaken  by  the  Bristol  Port  and 
Channel  Dock  Company  in  1868,  and  was  com- 
pleted in  1877.  The  dock  was  on  the  Glouces- 
tershire side  of  the  Avon  ;  from  the  anchorage 
of  King  Road  in  the  Bristol  Channel  to  the  en- 
trance lock,  the  distance  was  only  1,000  yards. 
The  entrance  channel  from  the  Avon  to  the 
lock  was  about  350  yards  in  length  by  an  aver- 
age width  of  70  yards,  with  a  depth  at  high 
water  of  equinoctial  spring  tides  of  44  feet,  and 
of  40  feet  at  ordinary  spring  tides.  The  dock 
was  1400  feet  in  length,  and  500  feet  in  width, 
giving  a  water  area  of  about  16  acres,  and  a 
length  of  quay  wall  of  3200  feet.  The  south 
end  was  not  protected  by  a  wall,  but  was 
finished  off  with  a  slope  of  2h  to  1.  The  range 
of  an  ordinary  spring  tide  was  39  feet,  while 
that  of  an  ordinary  neap  tide  was  19  feet.  A 
special  feature  of  the  tides  was  the  quantity  of 
mud  which  the  water  held  in  suspension.  The 
complete  silting  up  of  the  old  entrance  of  the 
Avon  a  few  years  ago,  and  the  opening  of  the 
present  Swash  Way,  was  a  striking  example  of 
mud  settlement  and  accumulation.  A  tempo- 
rary embankment,  to  exclude  the  tide  during  the 
construction  of  the  works,  was  made  by  tipping 
silt  excavated  from  the  dock  over  the  ground. 
A  wooden  truss  was  used  to  exclude  the  tide 
while  the  outer  clay  dam  was  being  removed. 
It  proved  satisfactory  ;  and  the  leakage  from 
the  tide  was  easily  kept  under  by  a  small  force 
pump.  The  mouth  of  the  lock  had  a  wing  wall 
on  each  side,  extending  about  159  feet  beyond 
the  roundheads,  and  diverging  from  a  line 
parallel  with,  and  100  feet  distant  from,  the 
center  line  of  the  lock,  at  an  angle  of  11  deg. 
30  min.  Rubble  masonry  faced  with  rough 
ashlar  was  employed.  The  walls  were  49  feet 
in  height  from  the  top  of  the  footings  to  the 
coping,  23  feet  6  inches  wide  at  the  base,  and  7 
feet  wide  at  the  top.  The  face  was  battered  to 
a  radius  of  150  feet,  and  the  back  had  two  steps 
18  inches  and  two  12  inches  wide.  The  foot- 
ings were  also  of  rubble  masonry,  and  rested  on 
sand  ;  the  inverts  were  of  brick.  The  clear 
length  between  the  inner  and  the  outer  gates 
was  454  feet.  This  length  was  divided  by  a 
pair  of  gates  into  two  locks,  the  inner  one 
being  about  50  feet  longer  than  the  outer  one. 
The  foundations  of  the  lock  were  laid  upon  a 
bed  of  fine  gray  sand  underlying  clay  at  an  al- 
most uniform  level,  and  at  a  depth  of  about  6 
feet  under  low  water  of  equinoctial  spring 
tides.  The  frequent  occurrence  of  springs  in 
this  sand  was  a  source  of  some  trouble  and 
difficulty.  The  apron  in  front  of  the  lock  was 
a  mass  of  lime  concrete,  mixed  with  blocks  of 
stone  of  2  tons  to  3  tons  weight,  and  surrounded 
by  walls  of  Portland  cement  concrete.  The 
lock  gates  consisted  of  oak  heel  and  mitre  posts, 
except  the  outer  pair  of  gates,  which  were  of 
greenheart,  with  ribs,  intermediate  posts,  and 
walings  of  pitch  pine  and  Memel.  The  gates 
were  2  feet  8  inches  thick  at  the  heel  and  mitre 


posts,  and  about  2  feet  11  inches  thick  at  the 
center  of  the  leaf,  exclusive  of  the  walings. 
The  back  of  the  gates,  when  shut,  formed  a 
continuous  arc  of  a  circle  from  one  hollow 
quoin  to  another,  the  radius  of  which  was  50 
feet.  The  ribs  and  intermediate  posts  of  the 
upper  gates  were  differently  arranged  to  those 
of  the  middle  and  outer  gates.  The  height  of 
the  dock  wall  was  40  feet,  and  the  depth  of  the 
foundations  below  the  dock  floor  varied  from 
2  feet  6  inches  to  19  feet.  The  footings  were 
of  lime  concrete  22  feet  6  inches  in  width,  and 
were  carried  up  2  feet  above  the  dock  floor. 
From  this  level  to  the  top,  the  wall  was  built  of 
rubble  masonry,  faced  with  dressed  stone.  Two 
failures  of  parts  of  the  dock  wall,  caused  by 
the  wall  slipping  forward  and  sinking,  were 
then  described,  and  the  remedial  measures 
pursued,  also  the  modifications  introduced  in 
the  subsequent  work.  The  earthwork  chiefly 
consisted  of  clay.  Upwards  of  1,750,000  cubic 
yards  of  material  were  shifted  from  the  dock 
basin,  lock,  entrance  channel,  and  foundations. 
Of  this  quantity,  about  150,000  cubic  yards 
were  dredged  from  the  entrance,  and  discharged 
from  hopper  barges,  at  a  shallow  part  of  the 
Bristol  Channel,  about  three  miles  from  the 
works.  The  average  cost  of  the  excavations, 
including  a  portion  of  the  pumping  expenses,, 
was  about  Is.  6d.  per  cubic  yard  The  average 
price  for  rubble  masonry  was  about  20s.  per 
cubic  yard.  The  Portland  cement  concrete 
consisted  of  one  part  of  Portland  cement,  three 
parts  of  sand  and  gravel,  and  five  of  stone 
broken  to  a  small  size,  and  the  whole  mixed 
with  large  blocks  of  stone.  The  average  price 
of  this  concrete  was  about  16s.  per  cubic  yard. 
The  lime  concrete  used  for  the  foundations  was 
mixed  in  the  proportions  of  six  to  one,  viz., 
one  part  of  lime,  two  parts  of  sand,  two  of 
ashes,  two  of  broken  stone,  and  cost  about  10s. 
per  cubic  yard. 

Daeien  Canal. — An  interesting  lecture  was 
recently  given  by  Rear- Admiral  Dan'l  Am- 
men,  U.S.  Navy,  before  the  American  Geo- 
graphical Society  in  New  York,  "  On  the  pro- 
posed Inter-OceanicShip  Canal  across  the  Ameri- 
can Isthmus. "  The  Admiral  stated  that  after  an 
examination  of  the  reports  of  Lieut.  Wyse  of 
both  seasons,  he  was  confirmed  in  the  opinion 
expressed  in  a  paper  previously  presented  to 
the  society  "that  no  possible  route  exists  com- 
parable with  what  had  been  presented  in  the 
surveys  made  by  order  of  our  Government." 
The  able  reports  of  Commander  E.  P.  Lull  and 
Civil  Engineer  A.  G.  Menocal,  U.S.  Navy,  on 
the  Nicaragua  route,  are,  he  said,  "sufficiently 
full  for  examination  and  criticism  by  the  civil 
engineer  or  the  expert.  There  has  been  given 
throughout  a  careful  consideration  to  that  vital 
question  in  the  construction  of  an  inter-oceanic 
ship  canal  in  that  region — an  ample  and  studied 
provision  to  prevent  any  considerable  quantity 
of  surface  drainage  entering  the  canal,  and  the 
feasibility  of  accomplishing  this  object  on  the 
located  route,  as  compared  with  other  routes,  is, 
in  my  belief,  a  most  important  point  in  its 
favor."  In  conclusion,  he  said  :  "To  the 
courage,  devotion,  and  ability  of  cultured  offi- 
cers as  leaders,  and  to  their  assistants,  we  are 
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indebted  for  much  substantial  information.  It 
is  impossible  for  any  one  having  no  personal 
knowledge  of  the  Isthmus  to  appreciate  the 
difficulty  of  making  surveys  in  that  region." 
A  summary  of  distances  and  estimates  of  cost, 
as  given  in  the  report  of  Civil  Engineer  Meno- 
cal,  is  as  follows : — Western  division,  from 
Port  Brito  to  the  lake:  Distance,  16.83  miles, 
estimated  cost  £4,337,555.  Middle  division, 
Lake  Nicaragua:  Distance,  66.50  miles,  esti- 
mated cost  £143,131.  Eastern  division,  from 
lake  to  Greytown:  Distance,  108.43  miles,  esti- 
mated cost  £5,005,200.  Construction  of  Grey- 
town  harbor,  £457,126.  Construction  of  Brito 
harbor,  £567,746  ;  total,  £10,515,543.  A  true 
economy,  however,  will  be  to  consider  the  cost 
of  the  canal,  including  the  interest  on  dormant 
capital,  as  double  the  estimated  cost,  in  round 
numbers  at  £20,000,000. 
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Artillery  Tests. — Artillerists,  whose  judg- 
ment could  not  be  ignored  having  ex- 
pressed the  opinion  that  with  the  new  4-ton 
6-inch  Armstrong  gun-hitting  power  almost 
equal  to  that  of  the  9-inch  gun  of  the  service 
could  be  obtained,  a  series  of  experiments  has 
lately  been  made  for  the  purpose  of  testing  the 
accuracy  of  the  view. 

The  first  round  was  fired  with  a  shell  of 
Whitworth  steel, weighing  80 lbs., with  a  charge 
of  33  lbs.  This  gun,  when  fired  for  velocity 
only,  had  70  lbs.  and  64[lbs.  projectiles,  the  cal- 
ibre being  that  of  the  64-pounder  gun  of  the 
service.  With  these  projectiles  velocities  of 
2,000  feet  per  second  and  2,070  feet  per  second 
were  attained  respectively,  and  that  with  a  very 
light  strain  on  the  gun — namely,  15  tons  per 
square  inch.  In  adding  10  lbs.  to  the  weight  of 
the  shells,  a  less  velocity  with  the  same  charge 
would  necessarily  be  attained.  The  velocity 
with  33  lbs.  and  an  80  lbs.  shell  was  1,792  feet  at 
the  point  it  had  reached  when  its  speed  was 
taken.  This  was  rather  less  than  the  muzzle 
velocity,  which  may  be  put  at  1,800  feet.  Its 
target  was  an  unbacked  plate  10  inches  thick. 
The  steel  shell  passed  completely  through  the 
plate  and  buried  itself  8  feet  in  the  sand  behind 
it.  If  we  suppose  that  the  force  which  re- 
mained in  the  projectile  and  carried  it  8  feet 
into  the  sand  was  sufficient  to  have  overcome 
the  resistance  due  to  one  more  inch  of  iron — and 
this  is  most  probable — we  have  a  gun  of  only 
4  tons  throwing  a  shell  of  80  lbs.  weight  with  a 
force  sufficient  to  pierce  by  far  the  larger  num- 
ber of  ironclads  now  afloat.  The  hole  made  in 
this  plate  was  6.04  inches  in  diameter,  and  the 
shell  was  hardly  at  all  altered  in  shape.  No- 
thing could  be  more  satisfactory  as  to  the 
quality  of  the  metal ;  and  another  fact  of 
great  interest  presented  itself.  The  gas  check 
was  found  to  remain  firmly  attached  to  the 
shell,  though  it  had  passed  through  10  inches 
of  solid  iron. 

For  the  second  round  another  shell  of  Whit- 
worth steel  was  taken,  and  the  charge  was 
86  lbs.,  instead  of  33  lb.  as  in.  the  first  round. 
The  additional  3  lb.  of  pcwder  raised  the 
velocity  of  the  projectile   to  1,887.5  feet  per 


second  at  the  point  where  the  observation  was 
made.  The  initial  velocity  would,  therefore, 
have  been  nearly  1,900  feet.  This  ought  to 
have  given  a  penetration  of  about  11  inches 
into  the  plate.  But,  unfortunately,  the  qual- 
ity of  the  steel  was  not  equal  to  that  of  the 
first  shell.  Instead  of  retaining  its  form,  the 
projectile  set  up  considerably,  thus  wasting. 
in  the  alteration  of  its  own  form,  the  power 
that  ought  to  have  been  spent  upon  the  plate. 
The  result  was  a  penetration  of  only  9.0  inch. 
No  certain  argument  can  be  drawn  from  one 
misfortune;  but,  so  far  as  it  went,  the  opinion 
of  those  who  object  to  the  expensive  steel 
projectiles  was  confirmed.  A  long  series  of 
rounds  must  be  fired  before  any  definite  con- 
clusion can  be  drawn.  It  is  possible,  how- 
ever, that  steel  shells  may  be  found  supenor  to 
iron  when  the  target  is  within  their  power  to 
pierce,  but  inferior  in  effect  when  the  iron 
plate  resists  complete  penetration. 

The  third  round  was  fired  with  exactly  the 
same  charge  as  the  first — 33  lbs.,  and  the 
weight  of  the  projectile  was  also  the  same 
(80  lbs.);  but  it  was  of  chilled  iron  instead  of 
Whitworth  steel.  The  velocity  was  rather 
higher— 1,819  feet  against  1,792  feet,  a  differ- 
ence hardly  appreciable.  The  effect  was 
equal  as  far  as  could  be  judged.  The  plate 
was  easily  penetrated,  the  diameter  of  the  hole 
being  6.06  inch.  The  head  of  the  shell  was 
found  in  the  sand  entire,  save  that  the  extreme 
point  was  broken  off.  The  body  of  the  shell 
was  broken  into  numerous  pieces,  which  all 
passed  through  the  plate.  The  advocates  of 
chilled  iron  shells  assert  that,  though  they 
always  break  up  in  passing  through  strong 
iron  plates,  the  penetration  is  not  affected 
thereby  to  any  appreciable  extent ;  for,  as  the 
hardness  of  the  metal  prevents  the  shell  from 
setting  up — that  is,  bulging — the  pieces  keep 
together  and  act  as  a  whole  while  passing 
through  the  plate.  We  should  be  sorry  to 
speak  dogmatically  on  such  a  subject,  but  we 
cannot  believe  that  no  force  is  lost  in  break- 
ing up  the  shell.  Something  must  be  wasted, 
but  that  something  may  be  very  small,  espe- 
cially as  it  is  known  that  the  tension  existing 
in  a  chilled  shell  is  sometimes  sufficient  in  it- 
self to  break  up  the  mass  even  without  the 
shock  of  striking  an  iron  target. 

However  this  may  be,  the  fourth  round 
gave  results  which  must  be  deemed  satisfact- 
ory by  all  who  hold  to  the  chilled  shells  of 
the  service.  This  time  a  charge  of  86  lbs.  was 
used,  as  in  the  second  round,  and  the  weight 
of  the  shell,  as  usual,  was  about  80  lbs.  The 
observed  velocity  was  1,919  feet  per  second. 
and  the  target  was  beyond  the  power  of  the 
projectile  to  penetrate,  being  an  unbacked 
plate  12  inches  thick.  The  behavior  of  this 
shell  wTas  very  interesting.  As  usual,  it  broke 
tip;  the  head,  without  altering  its  form,  re- 
bounded 30  or  40  feet  from  the  plate,  which 
it  could  not  entirely  pierce.  The  body  of  the 
shell  broke  up  into  five  or  six  pieces.  But 
when  the  effect  on  the  target  was  examined 
it  was  fcind  that  the  projectile  had  penetrated 
no  less  than  11.8  inches,  against  the  9.6  inch  of 
the  Whitworth  steel  projectile  in  the  second 
round,  and    that  the  back   of    the  plate   was 
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cracked  in  front  of  the  hole.  Little  more 
force  would  have  been  required  to  complete 
the  penetration  of  the  target,  and  the  effect 
produced  was  almost  exactly  the  same  as  that 
obtained  by  firing  the  9-inch  service  gun  of  12 
tons  with  a  charge  of  65  lbs.  of  powder.  In 
order  to  show  clearly  the  progress  made  by  Sir 
William  Armstrong  in  the  construction  of  guns, 
let  us  place  these  two  pieces  in  juxtaposition  : — 
Service  gun— 12  tons  weight,  9-inch  calibre, 
65  lbs.  charge,  250  lbs.  projectile;  new  gun — 
3  tons  18  cwt.,  6-inch  calibre,  36  lbs.  charge, 
80  lbs.  projectile.  If  we  carry  back  our  thoughts 
a  few  years  and  remember  that  the  heaviest  gun 
in  the  service,  the  68-pounder  of  5  tons  12  cwt. 
could  make  no  impression  on  the  4.5  inch 
plates  of  the  early  ironclads,  and  that  in  1866 
the  Austrian  ships  carried  ordnance  which 
were  totally  ineffective  against  the  Italian  ves- 
sels, the  sides  of  which  were  pitted  with  the 
marks  of  shot  fired  at  close  range,  we  shall  see 
how  extraordinary  has  been  the  development 
of  the  art  of  destruction.  The  most  interest- 
ing comparison  that  could  be  made  with 
ordnance  that  were  actually  supported  by 
artillerists  in  America,  and  even  by  some  in 
our  own  country  as  late  as  1867,  would  be  that 
of  the  15-inch  American  smoothbore  with  the 
new  6-inch  Armstrong.  The  American  gun 
weighed  19J  tons,  nearly  five  times  as  much  as 
the  6-inch.  Its  charge  was  60  lbs.,  or,  as  an 
extreme  case,  100  lbs.  With  60  lbs.  the  shot 
(for  no  round  shells  could  be  used  against 
plates)  was  utterly  foiled  by  the  8-inch  target, 
and  with  100  lbs.  it  succeeded  in  penetrating  it. 
The  little  6-inch  of  less  than  4  tons  would 
pierce  that  target  with  ease,  as  the  9-inch  ser- 
vice gun  did. 

Eecent  Additions  to  the  British  Navy. 
i  — One  of  the  most  powerful  armor -plated 
ships  afloat  was  added  to  the  list  of  vessels 
composing  Her  Majesty's  navy  by  the  purchase 
from  the  Thames  Ironworks  Company  of  the 
steamram,  Memdouhiye,  built  for  the  Turkish 
Government,  but  detained  for  the  last  twelve 
months  as  contraband  in  the  Victoria  Docks, 
Blackwall.  The  vessel  was  handed  over  by  Sir 
Peter  Rolt,  chairman  of  the  Ironworks  Com- 
pany, and  Captain  Comyn,  who  has  had  charge, 
and  was  to  have  taken  the  vessel  out  to  Turkey, 
delivered  over  his  command  to  the  representa- 
.  tive  of  the  Board  of  Admiralty.  As  a  ship  of 
the  Royal  Navy,  she  is  to  be  named  the  Superb. 
Her  length  is  340  feet,  and  her  beam  60  feet. 
She  carries  a  raised  fighting  battery  amidships, 
and  the  battery,  which  is  libout  100  feet  by  60 
feet,  is  pierced  for  twelve  18-tons  guns.  The 
guns  are  not  on  board,  but  in  other  respects 
she  is  quite  readjr  for  sea.  The  battery  is 
covered  with  12-inch  wrought-iron  plates  on 
the  usual  teak  backing,  carried  down  some 
depth  below  the  water-line,  and  raised  only  a 
few  feet  above  what  appears  to  be  the  main 
deck,  but  is  really  only  a  spar  deck  of  unarm- 
ored  timber.  The  true  main  deck  is  below, 
and  is  made  of  iron,  the  saloons  and  quarters 
for  officers  and  men  being  upon  it,  but  it  is  as- 
sumed that  in  time  of  action  all  hands  will  be 
in  the  armored  enclosure,  leaving  the  unarm- 
ored    portion    to   its  fate.     The  hatchways  of 


the  main  deck  close  by  water-tight  iron  doors, 
and  there  are  upwards  of  sixty  water-tight  com- 
partments in  the  lower  decks  and  the  double 
iron  skin.  It  is  proposed  to  mount  four  12-1  on 
guns  on  the  main  deck,  which  is  about  6  feel 
clear  of  the  water,  the  battery  guns  having  a 
freeboard  of  10  feet.  The  engines  are  by 
Maudslay  and  Field,  and  are  on  the  direct-ac- 
tion principle,  and  of  7,000  horse-power.  The 
ship  is  fitted  with  Paul's  steam  steering  gear, 
worked  either  from  the  pilot  tower  on  the  up- 
per deck  or  between  the  battery,  with  hand- 
gear  and  reserve  appliances  in  case  of  accident. 
The  steering  apparatus  is  very  powerful,  and 
the  ship  is  said  to  have  behaved  splendidly  in 
her  trial  trip.  Her  saloons  are  spacious  and 
handsomely  furnished.  She  resembles  the 
Alexandra,  the  flagship  of  the  fleet  in  the  Medi- 
terranean, except  that  the  Alexandra  has  a 
double  battery  with  two  25-ton  guns  in  the  up- 
per portion.  The  Superb  has  a  burden  of  5,349 
tons,  and  will  require  a  ship's  company  of  800 
officers  and  men.  Seen  afloat,  only  the  upper 
swell  of  her  prow  is  visible,  but  the  ram  ex- 
tends some  distance  under  water.  Another 
valuable  ship  will  shortly  be  added  to  the  ef- 
fective strength  of  the  navy,  the  Triumph  hav- 
ing undergone  a  comprehensive  overhaul  and 
refit  at  Portsmouth.  She  has  been  furnished 
with  an  entirely  new  set  of  boilers  from  the 
Keyham  yard,  and  her  machinery  has  been 
thoroughly  repaired  and  renovated  by  the  con- 
tractors, Messrs.  Maudslay,  Sons  and  Field. 
The  old  cylinders  have  been  removed  and  new 
cylinders  and  cylinder  covers  have  been  fitted, 
the  bearings  have  been  adjusted  and  refitted  with 
white  metal,  the  condenser  tubes  have  been 
taken  out  and  examined,  and  the  whole  of  the 
copper  piping  has  been  tested  and  renewed 
where  found  to  be  necessary.  The  superheater, 
which  is  gradually  being  superseded  in  our 
men-of-war,  has  been  removed,  and  a  fresh- 
water donkey  engine  has  been  added  to  her 
complement  of  engines  by  Messrs.  Brotherhood 
and  Hardingham.  The  hull  of  the  ship  has 
also  undergone  important  changes  in  order  to 
bring  her  up  to  the  requirements  of  modern 
warfare.  She  has  been,  for  the  first  time,  fitted 
with  the  Whitehead  torpedo,  two  special  ports 
having  been  cut  in  each  bow  and  the  usual 
racers  and  overhead  gear  provided  for  the  car- 
riages and  the  transport  of  the  projectiles  from 
below.  The  torpedo  engine  was  manufactured 
at  the  Portsmouth  yard.  A  Gatling  gun  has 
been  placed  on  the  foretop  in  addition  to  the 
one  which  she  carried  throughout  her  late  com- 
mission in  the  Mediterranean  in  the  maintop  ; 
and,  as  a  further  protection  against  the  attacks 
of  boats  and  small  craft,  she  has  been  armed 
with  four  20  pounder  torpedo  guns,  which  are 
mounted  on  the  spar  deck  amidships.  Shell 
gratings  have  been  fitted  in  the  wake  of  the 
boilers,  in  order  to  prevent  fragments  intruding 
into  the  stokeholes  and  disabling  the  machinery. 
The  block  compressors  on  the  main  deck  have 
been  removed,  and  new  cable  controllers  have 
been  fitted  on  the  upper  deck,  the  coal  bunkers 
have  received  additional  ventilation,  and  the 
steam  steering  gear  and  the  steam  capstan  have 
had  all  their  defects  made  good.  As  the  shell  for 
the  12-ton  guns  has  been  lengthened  to  the  ex- 
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tent  of  2  inches,  this  alteration  has  necessitated 
important  readjustments  being  made  in  the 
shell-room  for  the  storing  of  the  new  project- 
iles. The  other  changes  which  have  been  ef- 
fected mainly  consist  of  the  cabin  rearrange- 
ments, which  were  necessary  to  convert  the 
Triumph  into  an  admiral's  ship.  The  ■  cost  of 
repairs  and  improvements  to  the  hull  alone 
amounts  to  something  like  £20,000.  The  ship 
made  a  six  hours'  continuous  full-power  trial  of 
her  main  engines,  which  are  of  the  return  con- 
necting-rod type,  with  surface-condensers  •  and 
work  with  steam  at  30  lbs.  pressure.  The  new 
boilers,  considering  the  state  in  which  they 
were  found  on  the  preliminary  trial,  behaved 
pretty  well,  a  little  priming  only  being  exhib- 
ited at  the  beginning.  Notwithstanding,  how- 
ever, the  fact  that  the  blast  was  kept  wide  open 
during  the  six  hours,  considerable  difficulty 
was  experienced  in  maintaining  a  full  head  of 
steam,  and  during  the  latter  part  of  the  trial  it 
was  deemed  expedient  to  raise  the  links  and 
work  the  steam  more  expansively.  The  new 
bearings  also  gave  a  little  trouble.  The  average 
pressure  of  steam  in  the  boilers  was  27  lbs.  to 
the  square  inch;  the  mean  vacuum  recorded 
was  26.4  inch  in  the  forward,  and  27.9  inch  in 
the  after  condenser ;  the  mean  pressure  of  steam 
in  the  cylinder  was  15.27  lbs. ;  and  the  mean 
revolutions  per  minute  63.46.  The  maximum 
power  developed  was  4,287  horses,  but  at  one 
time  it  fell  as  low  as  2,859.  The  mean  indicated 
power  developed  was  3,556.61,  and  the  approxi- 
mate speed  realized  12  knots.  The  trial, 
which  was  under  the  superintendence  of  Mr. 
Warriner  and  the  officers  of  the  Portsmouth 
Steam  Reserve,  was  considered  scarcely  satis- 
factory. 
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The    Transmission    of    Power   by    Com- 
pressed Air.   By  Robert  Zahner,  M.  E. 

New  York  :    Price  50  cts. 

This  important  subject  is  treated  with  suffi- 
cient fullness  to  satisfy  the  wants  of  the  practi- 
cal engineer  within  the  limits  of  this  small 
volume.  The  essay  which  is  reprinted  from 
Vol.  XIX  of  this  Magazine  forms  No.  40  of  the 
Science  Series. 

The  use  of  compressed  air  as  a  motive  power 
is  rapidly  extending,  but  is  yielding  results  that 
are  far  short  of  what  is  to  be  expected,  when 
the  theoretical  conditions  are  well  understood. 

This  petite  volume  is  well  designed  to  prepare 
the  way  to  a  better  knowledge  of  so  much  ther- 
modynamics as  is  involved  in  the  practical 
problem. 

T^he  Commercial  Products  of  the  Sea. 
By  P.  L.  Simmonds.  London  :  Griffith 
&Farran.     Price  $8.00. 

This  octavo  of  490  pages  is  full  of  interesting 
information  respecting  the  marine  contributions 
to  food,  industry  and  art  ;  these  three  divisions 
of  the  subjects  being  treated  separately  as 
"  parts  "  of  the  work. 

The  Food  Products  are,  of  course,  the  results 
of  the  many  so-called  fisheries  and  are  numer- 
ous and  wide  spread. 


The  Industrial    Products    include   Sp<  i 

Shells,  Fish  Oils,  Sea  Weeds  and  Salt. 

The  contributions  to  Art  are  represented  by 
Pearls,  Corals,  Tortoise-She]  1  and  Amber. 

The  illustrations  are  good  and  the  star 
seem  carefully  prepared. 

rp he  Geology  of  New  Hampshtbe.     B 
i_      II.  Hitchcock.     Concord,  N.  II. :    E.  A. 
Jenks.     Price,  $40.00. 

Vol.  Ill  of  this  work  alone  is  of  recent  publi- 
cation. It  contains  a  valuable  contribution  to 
general  Lithology. 

The  entire  work,  consisting  of  three  large 
volumes  and  an  unwieldy  Atlas,  will  be  regard- 
ed with  more  interest  than  State  Reports  usual- 
ly are.  It  is  an  invaluable  contribution  to  the 
sciences,  if  we  may  use  the  plural,  of  Geology,. 
Lithology,  and  Physical  Geography. 

The  maps  are  beautifully  clear  and  many  of 
the  illustrations  in  the  text  represent  the  "best 
style  of  pictorial  printing. 

Lnstructions     for    Testing     Telegraph 
Lines.     Vol.  I.     By  Louis  Schwendler. 
London  :    Triibner  &  Co.     Price  $4.00. 

This  work  is  designed  particularly  for  prac- 
tical telegraphers  but  may  be  read  profitably  by 
all  students  of  Electrical  Science. 

The  requirements  for  applications  in  any  use 
of  Electricity  involve  an  acquaintance  with  the 
principles  demonstrated  and  fully  illustrated  in 
this  book,  as  may  be.  seen  by  this  abstract  of 
the  contents.  Wheatstone's  Bridge,  its  sensi- 
bility ;  best  practical  management  ;  Differential 
Galvanometer  ;  explanation  of  the  method  ; 
sensibility  of  the  method  ;  measurement  of  its 
resistances  ;  best  practical  arrangement.  Line 
testing  ;  Regular  testing  ;  fault  testing. 

The  Appendices  treat  of  Ohm's  Law  ;  Kir- 
choff's  Corollaries  ;  Cable  Testing,  etc. 

The  typography  of  the  book  is  excellent. 

Leisure-Time  Studies.  By  Andrew  Wil- 
son, Ph.  D.  New  York  :  R.  Worth- 
ington. 

This  is  a  series  of  pleasant  essays,  chiefly 
upon  biological  subjects.  All  are "  profitable 
reading,  and  nearly  all  will  prove  exceedingly 
interesting  to  the  general  reader,  if  he  have"  in 
the  slightest  degree  a  liking  for  natural  history. 

To  the  young  inquirer  after  scientific  facts, 
nothing  could  be  more  profitable  than  such 
essays  as :  A  Study  of  Lower  Life  ;  The  Sea 
Serpents  of  Science;  Some  Animal  Architects: 
What  I  Saw  in  an  Ant's  Nest;  and  a  Summer's- 
Day. 

A  few  good  illustrations  embellish  the  work. 

A  Manual  for  Engineers  and  Steam 
Users.  By  John  W.  Hell,  M.  E. 
Providence  :  William  A.  Harris. 

A  good  deal  of  valuable  information  is  con- 
densed into  this  compact  little  volume.  That 
the  information  is  of  the  right  kind  for  all  in- 
terested in  employing  steanCand  that  the  rules, 
formulas  and  tables  are  accurate,  is  sufticientiv 
attested  by  the  statement  that  it  is  prepared  by 
Mr.  Hill,  the  well-known  expert,  of  Cincinnati. 

The  book  is  the  property  of  Mr.  William  A. 
Harris,  and  is  designed  chiefly  as  a  guide  to 
those  who  use  the  Harris-Corliss  engine. 
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MISCELLANEOUS. 

Telephonic  Determination  of  the  Mag-  ; 
netic  Meridian.—  M.  H.  de  Parville 
substitutes  a  bar  of  soft  iron  at  least  1  meter  j 
(39.37  inches)  in  length  for  the  short  magnet  of  i 
an  ordinary  telephone.  The  apparatus  still  j 
transmits  sounds,  but  with  an  intensity  which 
varies  with  the  direction  of  the  bar,  the  sound 
beino-  most  intense  in  the  receiver  when  the 
transmitter  is  parallel  to  the  dipping  needle. 
The  sound  is  more  or  less  completely  extinguish- 
ed when  the  transmitter  is  perpendicular  to  the 
magnetic  meridian.  If  such  a  telephone  is  pro- 
vided with  a  resonator  it  can  be  used  not  only 
to  find  the  direction  of  the  magnetic  needle,  but 
also  for  the  approximate  determination  of  the 
variations  in  magnetic  intensity.  This  method 
seems  applicable,  on  shipboard,  for  the  correc- 
tion of  the  compass,  especially  when  the  indi- 
cations of  the  needle  may  be  deceptive  on  ac- 
count of  the  neighborhood  of  magnetic  rocks  or 
of  islands  rich  in  iron  ores.  The  inventor  also 
suggests  the  use  of  a  bar  of  soft  iron  several 
meters  in  length,  having  at  one  end  a  magnetic 
coil  with  a  self-registering  apparatus.  The 
pitching  of  the  vessel  would  excite  induction 
currents,  and  the  diagram  on  the  register  would 
reveal  the  direction  of  the  vessel  so  as  to  check 
the  indications  of  the  compass. — Comptes 
Bendus. 

ELEPHANTS  FOR  AFRICAN  TRAVEL. — The 
Academy  notes  that  a  successful  experi- 
ment has  lately  been  tried  in  the  equatorial 
provinces  of  Egypt,  which  may  not  improbably 
ere  long  revolutionize  the  mode  of  transit  in 
Eastern  Africa,  and  solve  a  problem  which  has 
hitherto  puzzled  travelers.  About  a  year  ago, 
at  Colonel  Gordon's  request,  a  few  trained 
elephants  were  sent  to  Khartum,  where  they  ar- 
rived in  due  course,  having  marched  along  the 
banks  of  the  Nile.  A  report  has  been  received 
in  Cairo  from  Colonel  Gordon  stating  that  he 
had  despatched  them  to  the  military  station  of 
Lardo,  about  11  deg.  south  of  Khartum,  and 
six  miles  north  of  Gondokoro,  and  that  they  had 
accomplished  this  distance  in  84  days.  A  not 
unimportant  advantage  to  be  derived  from  the 
employment  of  elephants  in  this  manner  was 
demonstrated  by  the  fact  that  the  negroes  along 
the  line  of  march  were  frightened  by  them,  and 
made  no  attempt  to  attack  the  party.  The  ele- 
phants have  gradually  learned  to  live  on  leaves 
and  grass,  aslhe  wild  elephants  do,  and  keep  in 
first-rate  condition  without  the  different  kinds 
of  food  to  which  they  had  previously  been  ac- 
customed. Colonel  Gordon  consequently  ad- 
vises travelers  going  into  the  interior  of  Africa 
from  Zanzibar  to  use  elephants,  and  thus  to 
avoid  the  necessity  for  a  host  of  porters,  who 
are  a  never-ending  source  of  delay  and  annoy- 
ance. It  may  be  remembered  that  the  question 
of  employing  elephants  in  African  exploration 
was  discussed  after  the  reading  of  Mr.  H.  B. 
Cotterill's  paper  on  the  Nyassa,  for  the  Society's 
African  Section  on  the  28th  of  May  last. 

'"pHE  employment  of  alkaline  manganates  for 
_L      imparting  to   light  woods  in  furniture 


and  floors  an  attractive,  uniform,  and  durable 
walnut  brown,  is  highly  recommended  by  M. 
Viedt.  The  action  depends  upon  the  decompo- 
sition of  salt  in  the  pores  of  the  wood,  with 
the  separation  in  them  of  very  finely-divided 
brown  hydrate  peroxide  of  manganese,  and  an 
addition  of  magnesium  sulphate  to  the  solution 
is  found  to  hasten  the  reaction.  In  practice, 
the  following  method  is  said  to  be  successful. 
Equal  parts  of  manganate  of  soda  and  crystal- 
lized Epsom  salts  are  dissolved  in  twenty  to 
thirty  times  the  amount  of  water,  at  about  144 
deg.,  and  the  planed  wood  is  then  brushed  with 
the  solution  ;  the  less  the  water  employed,  the 
darker  the  stain,  and  the  hotter  the  solution, 
the  deeper  it  will  penetrate.  When  thoroughly 
dry,  and  after  the  operation  has  been  repeated, 
if  necessary,  the  furniture  is  smoothed  with 
oil,  and  finely  polished,  the  appearance  being 
then  really  beautiful.  Before  smoothing,  how- 
ever, a  careful  washing  with  hot  water  will 
have  the  effect  of  preventing  the  efflorescence 
of  the  sulphate  of  soda  formed.  In  the  treat- 
ment of  floors,  the  solution  may  be  employed 
boiling  hot,  and,  if  the  shade  produced  is  not 
dark  enough,  a  second  application  of  a  less  con- 
centrated solution  is  made  ;  after  it  is  quite 
dry,  it  is  varnished  with  a  perfectly  colorless 
oil- varnish.  On  account  of  the  depth  to  which 
the  coloring  solution  penetrates  a  fresh  appli- 
cation is  not,  says  the  Lumber  Gazette,  soon 
required. 

One  of    the    most    suggestive  illustrations 
that  can  be  adduced  as  showing  the  ad- 
vances made  within  the  last  forty  years  in ■ 
marine  engine  economy  is  derivable  from  an 
examination  of  data  of  recorded   averages  of 
Atlantic  steamships;  and  more  especially  of 
those    of    the   Cunard    paddle-wheel   steamer 
Britannia,  in  1840,  and  the  White  Star  screw 
steamer  Britannic  in  1877.     Of  the  first  vessel 
the  average  duration  of  passage  was  fourteen 
j  days  and  eight  hours,    and  the  consumption 
of  fuel  544  tons,  the  daily  consumption  thus  being 
j  38  tons.     Assuming  the  average  cargo  at  225 
'  tons,  this  gives  48.35  cwt.  of  coal  per  ton  of 
|  cargo ;  and  the  average  speed  in    knots  per 
hour  being  8.3,  the  consumption  per  knot  was 
3.8  cwt.     The  indicated  horse-power  was  740, 
i  and  consumption  per  horse-power,    4.7  cwt. 
I  The  Britannia  displaced  but  2,050  tons,  and 
this  must  be  taken  into  account  in  comparing 
■  her  with  the  Britannic,  whose  displacement  is 
more  than  four  times  as  great,  or  8,500  tons.  That 
vessel,  in  1877,  showed  an  average  passage  of 
seven  days  ten  hours  and  fifty-three  minutes, 
|  an  average  daily  consumption  of  fuel  of  100 
!  tons,   or  total  consumption  of  745  tons.     Her 
I  cargo  is  3,350  tons;  consumption  of  fuel  per 
I  ton  of  cargo,  4.45  cwt.;   average  speed,   15.6 
knots;  consumption  per  knot,  5.3  cwt.;   indi- 
cated  horse-power,   4,920  ;    consumption    per 
horse-power,    1.9  cwt.      In   other  words,    we 
are  now  enabled  to  transport  fifteen  times  as 
much  freight  across  the  ocean  in  one-half  the 
time  at  an  expenditure  of  less  than  one  and  a 
half  times  as  much  coal  as  in  1840. 

—  rilie  Engineer. 
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II. 


§  2. 


THE    POTENTIAL. 

It  will  perhaps  be  as  well  to  make  a 
few  remarks  here  concerning  the  theory 
of  the  potential.  It  is  not  the  purpose 
in  these  pages  to  go  into  that  subject 
with  any  degree  of  fullness,  but  as  there 
are  a  few  leading  principles  which  fre- 
quently recur  a  brief  statement  and 
derivation  of  them  may  be  of  assistance 
to  some  readers. 

We  have  already  observed  one  fact 
concerning  the  velocity  potential,  viz., 
that  if  it  is  constant  over  a  closed  sur- 
face containing  a  certain  definite  region 
that  it  will  be  constant  throughout  this 
region,  and  in  particular,  if  it  be  =o 
over  the  surface  it  will  be  =  o  through- 
out the  contained  region.  When  udx  + 
vdy  +  wdz  is  an  exact  differential  we  have 
seen  that  by  making  it  equal  to  dcp  we 
can  replace  the  quantity 


by 


du 
dx 
d'cp 


dv 

+5y+ 


dw 

dz 


+ 


d2cp     cVcp 


+  ■ 


dx'  ^  dy*  T  dz 


Now  let  a  denote  any  closed  surface,  then 
if  v  be  the  outer  normal  to  this  surface 
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we 


have 


dcp 
dv 


d<s  for  the  rate  of  flow 


outwards  through  the  element  dff  in  unit 
of  time,  then  the  total  flow  outwards  in 
time  dt  is  equal  to 

'dcp' 


// 


dff.dt 


dv 

where  the  integration  extends  over  the 
whole  surface.  If  the  space  enclosed  by 
6  be  full  both  at  the  beginning  and  end 
of  this  time  we,  of  course,  have 


// 


dcp 
dv 


da-. 


This  is  the  equation  of  continuity  for 
the  whole  region.  Applied  to  the  element 
of  volume  dr  or  dx  dy  dz  this  gives  us 


d*cp     d*cp     d2cp  ' 


dx* 


dz 


If  we  denote  by  r  the  distance  between 
any  two  points  a»,  y,  z,  and  a,  b,  c,  i.  e. 

r*  =  (x-ay  +  ty-by  +  {z-cf 

and  by   m   a  constant  we   see  that  the 
equation  4*cp=o  is  satisfied  by 


<P=- 

T 
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or  -  is  a  particular  solution  of  the  par- 
tial differential  equation. 

The  general  solution  is  a  homogeneous 
function  of  the  quantities  x,  y,  z  of  the 
degree  i,  where  i  is  any  positive  integer. 
It  is  also  well  known  that  to  every  solu- 
tion of  the  degree  i  then  corresponds 
one  of  the  degree— (£  +  1)  expressed  by 

cpi 

The  expression  cpi  is  a  Solid  Spherical 
Harmonic  of  the  degree  i.  The  expres- 
sion obtained  by  dividing  cpi  by  rl  which 
will  be  a  function  only  of  two  quantities, 
viz.,  the  angles  6  and  <p,  is  a  Spherical 
Surface  Harmonic  of  the  same  degree. 

The  quantity  cp  is  now  the  Potential  of 
the  mass  m  upon  the  point  (x,  y,  z).  At 
infinity  the  Potential  with  its  derivatives 
vanishes,  but  is  finite  and  continuous 
throughout  the  space  except  at  the  points 
in  which  the  masses  are  found,  i.  e.,  for 
x=a,  y=b,  z=c.  Let  now  in  the  space 
under  consideration,  which  is  supposed 
to  be  continuously  filled  with  masses,  m 
denote  a  mass  placed  at  a  given  point  A 
and  let  r  denote  the  length  of  a  line 
drawn  from  this  point  to  any  other  B — 
then  we  know  that  the  attraction  of  the 
mass  m  upon  the  point  B  is  given  by— 
dcp     m 

dr  ~  r1' 

Now  suppose  the  line  AB  drawn  to  an 
infinite  distance,  and  further  that  the 
space  which  contains  the  masses  m  is 
bounded  by  a  closed  surface.  The  line 
AB  will  cut  the  surface  an  even  number 
of  times.  Suppose  now  a  sphere  of  radius 
unity  to  be  described  with  center  A, 
and  then  let  the  line  AB  describe  a  coni- 
cal surface  cutting  the  element  dm  from 
the  surface  of  the  sphere,  and  dslt  dst,  &c, 
from  the  given  closed  surface.  Let  €  de 
note  the  angle  between  AB  and  the  outer 
normal  to  the  surface ;  then  where  the 
line  issues  from  the  surface  cos.  £  will  be 
positive  and  where  it  enters  cos.  s  will  be 
negative.  We  have  now 
r^dw 


ds=- 


cos.  € 


The  normal  force  on  the  element  ds  is 
given  by  R  cos.  €  ds  ;  but  R  cos.  e  ds  is 
equal  to 

/dX     dY     dZ\J    J    D 

\dx-^+Tz)dxdydz 


and  therefore  for  the  whole  surface 

//R  cos.  b  ds  =///(2+0 

+  y-fdx  dy  dz 

Now  since  R=  — T  we  have 
r* 

R  cos.  e  ds=±  mdio. 

As  the  point  A  is  within  the  surface,  the 
line  AB  first  issues  from  the  surface, 
giving  a  j)Ositive  value  of  mda>  after  that 
alternate  positive  and  negative  values  of 
mdu)  which  destroy  each  other  so  that 
we  have  simply 

2  R  cos.  s  dw==mdat 
and 

yjTR  cos.  6  dio—mffdu>=±7tm 

Now 

4:7rm=4:7rff/ 'p  dx  dy  dz 

dX    dY     dZ 


dx      dy     dz 


-Anp 


or 

d2cp     d2<p     d*cp 


dcp 


+  &-=-4^forX=-s:&c- 


dx2      dy 

This  equation  holds  throughout  the  en- 
tire space  which  is  filled  with  the  masses 
m. 

If  we  represent  an  element  of  the 
space  under  consideration  by  dr  and  the 
density  by  p  we  may  write 

pdr 


P 


from  which 
cW 
dz 


fi?_  /  dtar=-  f 


PdcdT 


"dp  dr 


^    dc  J   dc   r 

and  finally 

dz      J       r       \z }     **    de   d 

The  second  of  these  integrals  is  evi- 
dently a  quantity  of  the  same  kind  as 
cp;  the  first  is  the  potential  of  a  mass 
which  is  spread  out  upon  the  surface 
fds  and  giving  the  surface  density 


p  cos. 
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Suppose  now  that  cp'  be  the  potential 
with  reference  to  the  point  (x,  y,  z)  of  a 
mass  that  is  spread  out  upon  a  surface 
giving  the  surface  density  p  ;  we  have 

Assume  the  rectangular  axes  so  that  z  is 
normal  to  the  surface;  assume  on  d  a 
point  infinitely  near  the  surface,  and  sup- 
pose a  circular  cylinder  with  radius  P' 
and  having-  the  axis  of  z  for  its  axis  of 
figure  to  cut  the  surface ;  suppose  P'  in- 
definitely small  but  infinitely  large 
with  respect  to  the  ordinate  z.  Let  cpx' 
denote  the  portion  of  cp  belonging  to 
that  part  of  surface  included  in  the  cylin- 
der; the  remaining  portion  cp'  —  cpx  will 
not  become  infinite  or  discontinuous  by 
z  becoming  either =0  or  passing  through 
zero. 


9 


;=***/ 


p'    p'dp' 


0  Vp"  +  z* 


By  neglecting  infinitesimals  we  have 

<Px=° 

or  <p'  remains  finite  and  continuous  if 
the  point  under  consideration  joasses 
through  the  surface,  i.e.,  if  va*=±s. 
Further. 

d9; 


dz 


371  p. 


a/F'+s"     Va1 


or  since  with  respect  to  z  P'  is  infinitely 
great, 

dz  r  Vz2 


or  if  z  be  positive 
dcpx'_ 


■27tp 


dz 
if  z  be  negative 

But    cp'  —  cpx'    is    continuous    and    also 

■j         ;  consequently  when  z  changes 

from  positive  to  negative  passing  through 

zero  -^-changes  suddenly  by  the  amount 

— 4t//.  Now  as  we  have  taken  z  in  the 
direction  of  the  normal  this  fact  can  be 
expressed   as   follows :      Call   the   inner 


normal  vx  and  the  outer  normai  vfi  then 
we  have 

dqj'      dtp' 

-j-    +  -j-=  —±np 
dvx       «k2 

which  may  be  called  the  characteristic 
equation  of  cp'  at  the  surface.* 

Suppose  now  that  we  have  a  surface 
over  which  a  mass  is  so  distributed  as  to 
give  rise  to  the  surface  density  that  we 
have  denoted  by  p  giving  the  n  the  poten- 
tial cp' .  We  will  use,  for  the  present,  the 
symbol  cp  to  express  general  function, 
which  satisfies  the  equation, 

d'<p      d?cp      d%cp  _ 
~dx~2  +  dy*  +  "rf^-0 

And  we  will  take  now  U  to  represent  the 
potential  in  the  space  under  considera- 
tion, V  for  what  we  have  denoted  by  cp', 
the  potential  of  a  surface  over  which  a 
mass  is  distributed,  as  mentioned  above. 
Now  we  will  introduce  a  new  quantity 
W,  which  we  proceed  to  define :  At  every 
point  of  the  surface  that  we  have  spoken 
of  conceive  normals  (positive)  to  be 
drawn,  lay  off  on  these  infinitely  small 
lengths,  and  through  these  points  conceive 
another  surface  to  pass,  the  elements  of 
which  correspond  to  the  elements  of  the 
first  surface  and  consider  that  on  each 
element  of  this  new  surface  a  mass  is  dis- 
tributed equal  to  that  on  the  correspond- 
ing element  of  the  first  surface  but  of 
opposite  sign.  Represent  '  by  h  the 
negative  product  of  the  density  of  the 
mass  on  the  element  dff  of  the  first  sur- 
face, by  dff;  then  if  (a,  b,  c)  denote  the 
element  dff  and  W  is  the  potential  of  this 
element  at  the  point  (x,  y,  z);  we  have 


W=  fk€±Ldff 
J        dv 


_. .         dr      dr  dr 

Since,  —=-=--=- 

dr      drav 


we  have 


__  pMff         .     . 

W=-y  —  cos.  (rv) 


We  can  also  express  this  in  another 
way.  Conceive  a  sphere  of  unit  radius 
described  about  {x,  y,  z,)  as  center,  also 
conceive  a  cone  on  dff  as  bSse  and  having 
(x,  y,  z)  as  vei'tex,  to  cut  the  sphere,  the 
area  of  the  included  portion  being  d2, 
then 

*  Maxwell,  Elec.  and  Mag.,  p.  82,  Vol.  I. 
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dv 


da—  +  d2 


the  upper  or  lower  sign  to  be  taken 
according  as  cos.  (rv)  is  positive  or  nega- 
tive.    The   cosine   can   only   change  its 

71 

sign  by  (rv)  passing  through -^- evidently 

this  is  the  case  only  when  the  point  can 
lie  on  a  tangent  to  the  surface;  then 
supposing  that  cos.  (rv)  does  not  change 
its  sign,  we  have 

W=  ±/M2 
when  the  upper  or  lower  sign  is  to  be 
taken  according  as  cos.  (rv)  is  positive  or 
negative.  If  the  above  condition  is  not 
fulfilled,  the  surface  may  be  divided  into 
parts  so  that  each  part  can  satisfy  the 
imposed  conditions;  then  will  W  begin 
as  the  sum  of  the  corresponding  expres- 
sions for  each  part.  In  order  to  examine 
whether  or  not  discontinuity  occurs  in  the 
value  of  W,  by  the  point  to  which  it  refers, 
approaching  indefinitely  near  the  surface 
— coinciding  with  it  or  passing  through 
it — we  will  choose  the  axis  so  that  zis 
normal  to  the  surface,  and  assume  a 
point  on  z  indefinitely  near  the  surface 
now  by  exactly  the  same  process  as 
that  before  employed,  we  see  that  for  a 
negative  z  we  have 

Wj-  —  znk 

and  for  a  positive  z 

W=-\-z7tk 

Wj  corresponding  to  the  small  portion 
cut  out  of  the  surface  by  a  circular  cylin- 
der of  indefinitely  small  radius  P,  which 
is  nevertheless  infinitely  large  as  regards 
z.  Now  since  W:  is  independent  of  z,  W 
cannot  become  infinitely  great  by  z  be- 
coming infinitely  small;  and  since  W 
suddenly  changes  by  knk,  W  does  so 
likewise.  From  our  equation  for  W,  we 
have  for  W,  since  it  refers  to  an  indefi- 
nitely small  portion  of  the  surface  for 
which  k  is  constant, 


w.=  -Vts*«-***A 


zpdp 


since 

,  ,  ,    ,       ,  dr      dr    dr 


1   dr 


dz      dd   dz 


r2  dz 


or 


W=Z7rk) 


IV*2     a/P2  +  *2 


from  this  follows 


dW1 

dz 


=.—Z7Ck 


(P*  +  za)i 


or,  since  z3  is  negligable  with  respect  to 

The  second  member  being  independent 

dW' 

of  z,  -=—  for  z=o  is  finite  and  continu- 
ous. Thus  we  see  that  the  potential  W 
for  this  double  layer  is  finite  always,  but 
changes  suddenly  by  the  amount  \nk  on 
the  point  to  which  it  refers  passing 
through  the  surface  in  the  direction  of 

v ;  the  quantity  —  is,  however,  finite  and 

continuous.     With  a  perfectly  arbitrary 

dW 

co-ordinate   system   the   quantities   — — , 

dW  dW      ...  .  .       „      _.   dx 

—=-  ,  —z-  ,  will  m  general  suiter  discon- 
tinuity, since  k  is  in  general  not  constant 
over  all  the  surface ;  if  k  be  constant  the 
differential  co-efficients  will  suffer  no  dis- 
continuity at  the  surface. 

Suppose  that  we  have  two  functions  U 
and  V  of  x,  y,  z,  which  with  their  deriva- 
tions are  single  valued  and  continuous  in 
the  space  under  consideration,  which  is 
bounded  by  a  closed  surface.  We  have 
the  identical  equations 


dJJdY  cVY 

dx  dx  dxq 

dVdV  (FY 

dy  dy  dy2 

dVdY  „<fV 


dx\     dx  ) 
dY  \ 


dv\ 


dz   dz 


+ 


,TJ 

dy\     dy  I 

dz2       dz\      dz  I 


Add  and  multiply  by  the  element  of  the 
sjDace  dr,  we  have  by  changing  in  the 
second  member  a  volume  into  a  surface 
inteeral, 


<*)/( 


) 

=  -fdr  U  A  Y-fdaV 


dVdY      dVclY      dVdY 
dx  dx        dy  dy        dz    dz 


dY 
dv' 

This  equation  expresses  what  is  known 
as  Green's  Theorem.  By  an  interchange 
of  U  and  V,  which  from  the  nature  of  the 
functions  can  be  effected,  the  first  mem- 
ber of  this  equation  will  not  change.  We 
will  have  then 
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=fdr(V AV-VAY) 

If  U  and  V  are  velocity  potentials  this 
gives, 


A(U^-V 


TJtf\ 

—  )=o 

dv) 


In  the  preceding  equation  (a)  suppose 
U=V,  then  it  gives, 

f,i    i/^V\2      /dV\2      /c?V\2) 

J  dv 


or 
2T= 


—  /  Vj  — cos.(yjc)  +  ^-  cos.  (vy) 


( cfa 


(TV 


+  -j-  cos.{vz)  Vda 

An  expression  for  the  energy  in  the  form 
of  a  surface  integral. 

"The  irrotational  motion  of  incom- 
pressible 'fluid  in  a  simply  connected 
closed  space  2  is  completely  determined 
by  the  normal  velocities  over  the  surface 
2.  If  2  be  a  material  envelope,  it  is  evi- 
dent that  an  arbitrary  normal  velocity 
may  be  impressed  upon  its  surface,  which 
normal  velocity  must  be  shared  by  the 
fluid  immediately  in  contact,  provided 
that  the  whole  volume  inclosed  remain 
unaltered.  If  the  fluid  be  previously  at 
rest,  it  can  acquire  no  molecular  rotation 
under  the  operation  of  the  fluid  pressures, 
which  shows  that  it  must  be  possible  to 
determine  a  function  cp,  such  that 
A2cp=o  throughout  the  space   inclosed 

by  2  while  over  the  surface  ~~  has  a  pre- 
scribed value  limited  only  by  the  condi- 
tion 

"By  Green's  theorem  if  A2cp-=o, 

the  integration  on  the  right  hand  side 
extending  over  the  surface  2  that  on  the 
left  hand  side  over  the  volume.     Now  if 


cp  and  cp  +  Acp  be  two  functions,   satis- 
fying Laplace's  equation,  and  giving  pre- 
scribed values  of  -z^-,  then  the  difference, 
dv 

Acp  is  a  function  also  satisfying  Laplace's 

Ada)         .  . 

vanish   over 


equation,  and  making 
the  surface  of  2. 


dv 
Under  these  circum- 
stances the  surface  integral  in  the  pre- 
ceding equation  vanishes,  and  we  infer 

that  at  every  point  of  2,  — -2-',  — —-' 

— 7—  must  be  equal  to  zero.     In  other 
dz 

words,  A  cp  must  be  constant  and  the  two 

motions  identical.     As  a  particular  case, 

there  can  be  no  motion  of  the  irrotational 

kind  within  the  volume  2,  independently 

of  a  motion  of  the  surface." 

The  line  described  by  a  point  in  the 

fluid,  moving  always  in  the  direction  of 

the   resultant   velocity,  is,    as   has  been 

mentioned  for   a    simple    case,  called    a 

stream   line.     If   cp  denote   the  velocity 

potential,    we    have    obviously    for    the 

differential  equations  of  a  stream  line, 

dx  _dy  _  dz 
dcp  dcp  dcp 
dx       dy        dz 

These  lines  evidently  cut  at  right 
angles,  the  surface  cp= const. 

If  the  normal  velocity  at  every  point 
of  this  surface  is  equal  to  zero,  we  must 
have 

da> 
dv 

and  this  equation  will  represent  a  surface 
which  cuts  at  right  angles  the  surface 
(p= const.,  and  is  consequently  made  up 
of  stream  lines;  such  a  surface  is  appropri- 
ately termed  a  surface  of  flow.  The 
following  properties  of  such  surfaces, 
though  not  directly  bearing  upon  the 
matter  in  hand,  will  possibly  be  of  inter- 
est: 

Suppose  that  we  have  for  the  equation 
of  a  family  of  surfaces 

f(x,  y,  z)  =  q, 

q  being  a  variable  parameter  by  giving 
constant  values  to  which  we  obtain  the 
equation  of  each  member  of  the  family. 
Make 

(l)V(|)V(|)a4 
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Then  we  have  for  the  direction  cosines  of 
the  normal  in  the  direction  in  which  q 
increases 


cos.  (vx)  =  v-i£,cos(vi/)  =  v^-, 
dx  dy 


cos.{vz)  =  v 


dq 

dz 


N=v(i 


if  N  be  the  component  of  the  flow  norm- 
al to  the  surface,  u,  v,  w  being  the  com- 
ponents parallel  to  x,  y  and  z  respective- 
ly, we  have 

do      dq        dq 
dx      dy        dz 

Hence,  if  N  be  zero,  there  will  be  no  flow 
through  the  surface,  which  may  then  be 
called  a  surface  of  flow;  we  have  then  for 
the  equation  of  such  a  surface, 

dq         dq  ,       dq 
dx         dy         dz 


family  of  surfaces 
and  these  are  sur- 


If  there  be  another 
whose  parameter  is  q', 
faces  of  flow,  then 

dq'        dq'        do' 
dx         dy         dz 

If  we  have  still  a  third  family  of  surfaces 
whose  parameter  is  q"  that  are  surfaces 
of  flow,  then  again, 


dq" 
dx 


dq" 
dy 


dq" 
dz 


eliminating  u,  v  and  w  between  these,  and 
we  obtain 


dq 
dx  ' 
dq?_ 

dx  ' 
dq" 
dx  ' 


dq 

djp 

dq' 

w 

ay. 


dq 

dz 

dq' 

dz 

dq" 

dz 


=o 


which  is  only  satisfied  by  making  q"= 
some  function  of  q  and  q'.  Suppose 
that  we  have  only  the  two  first  of  these 
equations  viz. : 

dq  dq  dq 

dx  dy  dz 

dq'  dq'  dq' 

dx  dy  dz 

By  eliminating  u,  v,  w  in  turn  from  these 
equations  we  arrive  at  the  following  where 
$  is  an  undetermined  function  of  a  and 


\dy  dz 


dq  dq\ 


dz  dy 
_jf.(dqdq'       dqdq'\ 

\dz  dx       dxdz  / 
=  0fdqdq'  _dqdq'\ 

\dx  dy      dy  dx  I 


When  one  of  the  functions  represented 
by  q  and  q'  is  known,  it  is  possible  so  to 
determine  the  other,  that  <P  shall  be  = 
unity.  The  flow  in  the  direction  of  the 
normals  to  these  surfaces  being =o,  this 
flow  can  only  take  place  along  the  surface, 
and  the  intersection  of  the  two  surfaces 
will  be  a  line  of  flow  or  stream  line.  A 
tube  of  flow  or  a  stream  filament,  is  a 
tube  whose  bounding  surfaces  are  made 
up  of  lines  of  flow.  If  the  two  paramet- 
ers q  and  q'  have  a  series  of  values  given 
to  them,  they  will  form  a  double  system  of 
surfaces  dividing  space  up  into  a  number 
of  tubes,  each  of  which  will  be  a  tube  of 
flow.  We  will  go  further  into  the  con- 
sideration of  stream  lines  in  another 
place. 

§  3. 

PLANE    WAVES. 

Having  thus  briefly  stated  some  of  the 
more  simple  of  the  general  properties  of 
the  equations  of  fluid  motion  we  will  now 
proceed  to  examine  some  of  the  problems 
which  present  themselves  most  naturally 
to  the  student.  The  first  case  that  we 
shall  take  up  is  that  of  the  motion  of 
water  in  plane  waves  when  the  excur- 
sions of  each  particle  are  very  small. 

When  a  body  of  water  originally  in  a 
state  of  rest  is  endowed  with  a  wave  mo- 
tion each  particle  of  the  mass  has  a  mo- 
tion of  oscillation  or,  describes  a  closed 
curve  in  such  a  manner  as  to  cause  the 
particle  of  water,  after  a  certain  definite 
lapse  of  time,  to  resume  its  original 
position  on  the  surface  of  the  wave.  By 
wave,  is  to  be  of  course,  understood  sim- 
ply the  forms  which  the  water  assumes 
under  the  action  of  the  disturbing  force. 
Plane  waves  are  those  in  which  the  mo- 
tion of  every  particle  is  parallel  to  a  cer- 
tain fixed  plane,  and  they  may  be  gener- 
ated by  bringing  a  solid  body,  e.g.,  a 
cylinder,  in  contact  with  the  siu-face  of 
the  water  contained  in  a  rectangular 
canal  of  uniform  depth,  and  in  such  a 
manner  that  the  line  of  contact  shall  be 
at  right  angles  to  the  length  of  the  canal. 
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Plane  waves  will  be  generated  the  in- 
stant the  contact  takes  place ;  these  will 
travel  along  the  entire  length  of  the 
canal;  impinge  on  the  ends  and  return; 
we  will  in  our  problem,  however,  limit 
ourselves  at  first  to  the  case  of  a  canal  of 
indefinite  length  and  then  need  not 
take  account  of  the  phenomena  at  the 
ends.  Our  mass  of  water  being  then 
supposed,  contained  in  a  canal  as  de- 
scribed, we  will  now  proceed  to  the 
mathematical  examination  of  the  waves 
generated  by  such  a  disturbing  force  as 
has  been  mentioned. 

Assume  the  axis  of  z  vertical  and  posi- 
tive downwards,  the  axis  of  x  parallel  to 
the  length  of  the  canal,  and  that  of  y  at 
right  angles  to  its  sides;  the  origin 
being  on  the  surface  of  the  water  at  rest. 
Let  now  xa,  y0,  z0  denote  the  initial  vaiues 
of  the  co-ordinates  of  a  particle  and  let 
u,  v,  to  denote  the  displacements  which 
the  particle  undergoes  in  the  directions 
of  x,  y,  and  z  respectively.  For  plane 
waves  advancing  in  the  direction  of  x, 
we  have  of  course  v  =  o,  and  the  equation 
of  continuity  assumes  the  form 

cVcp     cVcp 

daF  +  dz*  =  ° 

.the  values  of  u  and  w  being 

dep 

elz' 


which  gives  by  expansion 

rF($+£gF"(0+  •  .  •  = 

from  which  since  r  is  constant, 
F"=F'"=,&c.  .  .  -o 

2;r. 


Art 


/l  Art 

W(t)dt—t 
o  T 


dep 
dx 


We  have  now  to  express  ^>asa  func- 
tion of  x,  z,  and  t,  and,  from  the  nature 
of  the  motion,  periodic  with  respect  to 
the  last. 

The  simplest  way  of  expressing  this 
periodicity,  will  be  by  introducing  in  cp  a 
factor  which  shall  be  a  trigonometric  func- 
tion of  the  time.  We  may  assume  cp  in 
the  form 


9= 


±°WsilM 

£  J  COS.    ( 


F(0 


when  <j  is  a  constant,  and  the  forms  of  f 
and  F  are  to  be  determined,  the  latter 
is  easily  obtained  by  the  following  con- 
siderations. We  know  that  cp  must  not 
change  if  we  increase  t  by  the  time  of 
oscillation,  denoting  this  by  r,  and  cp 
becomes 

4- 6z  /»  ,  sin.  (_.. 
=  -      f{x)         \F(t  +  r) 
s     J       cos.  {  ' 

Now  in  order  that  cp  may  be  a  periodic 
function  of  t,  we  must  have 


and  cp  now  assumes  the  form 
4-<?zj*  ,  sin.  Art 

<P=  7   J(xho8.Tt' 

Now  for  the  determination  of  f;  sub- 
stituting this  value  of  cp  in  the  differen- 
tial equation  of  continuity  A"*cp—o  and 
it  becomes 

Integrating  this  and  we  have  for  f 
the  equation 

f=A.  sin.  (fa;  4  B  cos.Ca; 

when  A  and  B  are  the  constants  of  inte- 
gration.    This  gives  us  now 

±<jz( .     .  \sin.27T 

<£>=         I A  sin. 6x  4  B  cos.  ffx  J        — t. 
8       V  /cos.  r 

This  obviously  may  be  written   in   this 
form 


r     & 
e 


-*/        .  .      Art         _  2rt\ 

I  a1sin.<Taism. —  t  4  e>2cos.  (fa-cos. — tj 

o-s/%  .    2ar      .    .  A7t\ 

I  OjCOs.  (Tasin.  — 1 4  6>„sm.  C^cos.  -  - 1\ 

-G*l      .  .    2rt  .   . 

_l_     I  a1sm.o'a;sin.  —  t+p.2cos.(Xxcos 


4 


-Gg 

+s 


2(a 


T 
Art 

cos.  o~.csin. —  1 4  aosin.  (Txeos 


2rt\ 
2rt\ 

T1) 


L 

By  supposing  the  constants  a,  b,  ...  . 
positive  we  can,  by  making  the  proper 
ones  vanish  and  establishing  certain  rela- 
tions among  the  remaining  ones,  obtain 
an  expression  for  cp  winch  shall  contain 
as  a  factor  the  sine  of  the  sum  or  the 
cosine  of  the  difference  of  the  quantities 

Art 

—  t  and  ffx.     It  is  of  course  desirable  to 
r 

introduce  the  quantity  x  into  the  trigono- 
metric factor  as  the  form  of  cp  is  alike 
unaltered  if  we  increase  t  by  the  time  of 
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oscillation  or  x  by  the  wave  length.  Then 
making 

and  for  a  simple  advancing  wave  making, 

b=a^-a^  fi=a2=a„ 
we  have 

We  have  here  before  spoken  of  <p  as 
the  velocity  function — there  is  a  manifest 
appropriateness  in  this  case  in  calling  it 
the  wave  function — a  name  that  we  shall 
adopt  for  the  present. 

The  quantity 

/    az       -az\ 

\a^    +a9E       ) 

is  called  the  amplitude  of  the  wave,  and 
is  evidently  the  maximum  value  of  cp;  r 
is  the  "periodic  time,  or  period,  after  the 
lapse  of  which  the  values  of  cp  recur ; 
and  ax  determines  the  phase  of  the  wave 
at  the  moment  from  which  t  is  measured. 
It  is  evident  that  if  we  have  any  number 
of  wave  functions  <p',  cp"  .  .  .  which 
satisfy  the  differential  equations 

A,<p'  =  oi     A*cp"  =  o,  &c. 

that  this  sum  must  also  satisfy  the 
equation 

AiIcp=o 

or  any  number  of  wave  functions  may  be 
compounded  into  one  resultant  by  simple 
addition. 

Before  proceeding  to  the  general 
problem  we  will  examine  the  simple  case 
of  only  one  wave  function.  From  the 
value  given  above  for  cp  we  have 

/     az       .~az\         (l-n:  \ 

J    az        -az\    .    /27T  \ 

From  these  we  see  at  once  that  the  dis- 
placements u  and  w  satisfy  the  equation 
of  an  ellipse  whose  semi  axes  are 


u=al 


J     az     -az\ 
J     az  -az\ 


These  values  of  cp,  u  and  w  can  how- 
ever, be  further  simplified  by  finding 
what  relation  exists  between  the  quanti- 
ties a,  and  aQ.     To  find  this  relation,  we 


proceed  to  examine  the  forces  which  act 
on  any  particle  of  the  fluid;  these  are 
well  known  to  be  of  the  form 


cPu 
'dt2  ' 


o,  — 


d2w 


and  the  elementary  equations  of  motion 
thus  become 


1    dp 

P  dx 
1  dp 
P  dij  ~ 

from  these  we  have 


dzu 
dx2 

d2io 
dt2 


+  ff 


=p\f-Uidx+f- 


d2w 
~di} 


dz 


+ 


J  gdz  >  +  const. ; 


but 

~lft2  z 

d2w 
~~~dir 
therefore, 


_/2tt\2  d<p 

dx  dt2  ~~\r)     dx' 

d  d2a    /27r\2  d<p 


d  d2cp 
v  dt2 

fe  dt2      \r) 


dz 


dz' 


P=p\\—  )  <p  +  g«l+  const. 

The  constant  is  evidently  p0  the  initial 
pressure,  the  first  part  of  the  second 
number  of  this  equation  being  the  in- 
crease of  pressure  at  the  time  t  above 
what  it  was  at  the  initial  instant. 

As  we  sujDpose  ourselves  limited  to  the 
case  of  very  small  motions,  we  may  re- 
gard u  and  w  as  quantities  of  the  first 
order ;  then  it  is  obvious  from  the  form 
of  the  expressions  obtained  for  these 
quantities  that  a  is  of  the  same  order — 
the  other  factors  being  in  general  of  finite 
magnitude.  Then  any  terms  which  con- 
tain au,  or  aw  being  quantities  of  the 
second  order,  may,  with  reference  to 
those  of  the  first  order  of  magnitude,  be 
discarded. 


MK.  E.  Easton,  C.E.,  President  of  Section 
G  British  Association,  has  issued  his 
address  in  pamphlet  form,  accompanied  by 
several  of  the  papers  on  the  same  subject — 
' '  River  Conservation  " — which  were  read  at  the 
meeting.  The  question  is  an  important  one,  in 
view  of  the  many  disastrous  floods  which  have 
occurred  in  recent  winters,  and  information 
given  in  this  handy  form  is  always  attractive. 
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ABSTRACT   OP  OFFICIAL,   REPORT. 


[  The  interest  felt  by  the  public,  and  espe- 
cially by  engineers,  in  the  works  undertaken  by 
Mr.  Jas.  B.  Eads,  at  the  South  Pass  of  the 
Mississippi,  prompt  us  to  insert,  nearly  in  full, 
the  report  of  the  Board  of  Engineer  Officers 
appointed  by  the  President  of  the  United 
States,  under  Act  of  Congress  of  June  19,  1878, 
to  examine  and  make  a  "full  report"  on  the 
same.  The  Board  was  composed  of  Gen.  Bar- 
nard, Macomb,  Tower,  Wright,  and  Col.  Mer- 
rill.— Editor.] 


Army  Building,         ) 
New  York,  January,  22,  1879.  [ 
Hon.  Geo.  W.  McCrary, 

Secretary  of  War,  etc. : 

Sir  :  The  board  constituted  by  Special 
Orders  No.  228,  Headquarters  of  the 
Army,  Adjutant-General's  Office,  Wash- 
ington, D.  O,  October  22, 1878  (of  which 
a  copy  is  annexed,  marked  1),  assembled 
at  New  York  on  the  11th  of  December, 
1878,  and  after  examination  and  discus- 
sion of  the  section  of  the  act  of  Congress 
by  which  its  proceedings  are  to  be  gov- 
erned, and  of  >other  documents  referring 
to  their  prescribed  duties,  adjourned  to 
meet  at  the  mouth  of  the  South  Pass  of 
the  Mississippi  on  the  30th  of  December? 

The  section  of  the  act  (section  4,  act 
approved  June  19,  1878)  requires  that — 

"The  board  shall  visit  the  works  in 
process  of  construction  by  said  James  B. 
Eads,  at  the  South  Pass  of  the  Mississip- 
pi River,  and  make  an  examination  of  the 
same,  and  make  a  full  report  of  the  prog- 
ress made  in  the  construction  of  the 
works,  the  probable  cost  of  their  com- 
pletion, and  the  results  produced,  or  that 
may  properly  [probably?]  be  produced 
by  them,  their  probable  permanency,  and 
of  the  advisability  of  any  modification  of 
the  terms  of  the  act  under  which  said 
Eads  is  constructing  said  works,  so  far 
as  regards  dimensions  of  channel  through 
the  jetties,  and  of  the  terms  of  payment 
for  the  same ;  which  said  report  shall  be 
submitted  to  the  Secretary  of  War,  to  be 
presented  at  the  next  session  of  Con- 
gress." 

The  subjects  upon  which  the  board  is 
required  to  make  a  full  report  are  these : 

1.  Progress. 

2.  Probable  cost  of  completion. 

3.  The  results  produced. 


4.  The  results  that  may  probably  be 
produced. 

5.  Their  probable  permanency. 

6.  The  advisability  of  any  modification 
of  the  act,  &c. 

To  discuss  these  subjects  in  the  order 
named : 

1.  progress  made  in  the  construction  of 
the  works. 

This  requires  reference  to  the  original 
design,  which  was  to  construct,  starting 
at  marginal  points  on  its  banks  above 
where  the  normal  channel  depth  (30  feet) 
of  the  pass  itself  begins  to  diminish, 
dikes  or  parallel  piers  (as  they  are  com- 
monly designated)  extending  thence  to 
the  deep  water  of  the  Gulf,  thus  con- 
fining the  outflowing  water  in  a  channel 
of  the  same  width  (nearly)  as  that  of  the 
pass  itself  until  it  reaches  the  deep  water 
of  the  Gulf  and  thereby  prolonging 
through  the  "bar"  and  to  the  Gulf  the 
normal  depth  (nearly)  which  the  pass 
maintains  between  its  natural  banks. 
These  parallel  piers  or  dikes,  technically 
called  "jetties,"  are  essentially,  then,  an 
artificial  prolongation  of  the  natural 
"  banks "  to  deep  water  in  the  Gulf. 
From  the  land's  end  (East  Point)  of 
eastern  shore  to  35  feet  depth  in  the 
Gulf  (which  was  about  300  feet  beyond 
the  crest  of  the  bar)  was  a  distance  of 
11,941  feet,  which  figures  define  the 
length  of  the  east  jetty  as  originally  de- 
signed and  marked  out  by  piles. 

The  natural  bank  on  the  west  side  of 
the  South  Pass  extended  seaward  4.000 
feet  farther  than  the  natural  eastern 
bank;  the  initial  point  of  the  west  jetty 
was,  therefore,  taken  about  that  distance 
below  the  origin  of  the  eastern  one ; 
hence  the  required  length  of  the  west 
jetty  was  8,000  feet  nearly. 

The  average  width  between  banks  of 
the  pass  itself  is  about  700  feet ;  which 
width,  by  the  act  of  March  4,  1875.  is 
fixed  as  the  minimum  between  the  au- 
thorized jetties. 

The  origin  of  the  west  jetty  was  es- 
tablished some  distance  (about  600  feet) 
from  the   west  bank;   hence  it   became 
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necessary  to  connect  this  point  with  the 
natural  west  bank  by  a  dam  of  this  length, 
built  at  right  angles  to  the  jetty,  to 
■which  the  name  of  the  Kipp  dam  was 
given. 

The  original  design  therefore  consisted 
of  "  east  jetty,"  11,941  feet  in  length  (2£ 
miles,  nearly),  a  "west  jetty"  8,050  feet 
in  length,  and  the  "Kipp  dam."  The 
plan  of  "  construction  "  was,  in  its  main 
features,  essentially  that  developed  by 
long  experience  in  Holland  for  dikes, 
dams,  and  jetties,  on  like  yielding  sub- 
strata, viz.,  a  broad  foundation  stratum 
of  willows  or  other  suitable  brush,  formed 
into  mattresses  "  (technically  so  called), 
on  top  of  which  was  built  a  super- 
structure of  tapering  section,  of  alter- 
nate strata  of  mattresses  and  stone  or 
gravel. 

If  we  except  330  feet  in  length  of  ex- 
treme end  of  the  originally  designed  east 
jetty,  and  280  feet  in  length  of  the  west 
jetty  (reducing  the  total  lengths  of  these 
jetties  to  11,600  and  7,770  feet  respect- 
ively), the  jetties,  throughout  the  lengths 
just  mentioned,  and  the  dam  have  been 
actually  built  up  to  the  level  of  average 
high-water  or  somewhat  above  that  level, 
and,  owing  to  subsidence,  supplementary 
elevations  of  willows  and  stone  have  from 
time  to  time  been  added.  At  present  the 
seaward  ends  for  about  1,500  feet  are 
overflowed  at  high-tide,  and  even  at  low- 
water  through  a  portion  of  less  extent. 

Pages  8  and  9  of  the  annual  report 
upon  the  improvement  of  the  South  Pass, 
give  for  east  and  west  jetty  the  actual 
height  (July  1,  1878)  above  "average 
flood-tide  "  throughout  their  whole  length. 
It  will  be  seen  that  the  outer  ends  and  a 
few  points  higher  up  are  now  at  various 
depths  below  high-tide.  The  extreme 
end  of  the  east  jetty  is  reported  by  Cap- 
tain Brown  to  be  11  feet  below;  at  the 
date  of  our  visit  the  lower  ends  of  both 
jetties  for  1,000  feet  or  more  were  more 
or  less  submerged  at  flood-tide.  Higher 
up  the  two  jetties  were  found  to  be  from 
.3  to  1  foot  or  \\  feet  above  high-tide. 

Page  10  gives  the  same  particulars  for 
the  "Kipp"  dam,  which  is  throughout 
from  \  to  1-foot  above  flood-tide. 

After  the  mention  just  made  of  "sup- 
plementai'y  elevations  "  added  from  time 
to  time  to  the  jetties,  to  conrpensate  for 
subsidence,  it  is  proper  to  say  a  few 
words  on  this  point. 


Owing  tp  the  well-known  character  of 
the  formation  at  the  month  of  the 
Mississippi,  much  subsidence  was  ex- 
pected. We  have  no  accurate  record  of 
the  total  settlement  of  the  various  parts 
from  the  commencement.  But  on  page 
19  of  the  annual  report,  already  cited, 
Captain  Brown  has  given  them  for  the 
year  ending  July  1,  1878.  The  amount 
of  depression — superficial  destruction  by 
storms  being  eliminated,  due  to  actual 
settlement  and  compression  of  willows 
is,  beginning  at  East  Point,  one-half  foot, 
gradually  increasing  to  3^  feet  at  the  ex- 
treme end  of  the  east  jetty. 

It  is  impossible  to  eliminate  the  com- 
pression of  willows  to  show  how  much  of 
the  above  is  due  to  pure  settlement ;  but, 
from  the  corresponding  depression  of  the 
heads  of  the  piles  along  the  center  por- 
tions of  the  jetties,  it  would  seem  proba- 
ble that  it  is  mainly  due  to  "  settlement." 
On  page  2  of  the  fifth  report,  Major 
Comstock  gives  the  settlement  of  certain 
piles  along  the  last  1,000  feet  of  the 
east  jetty,  counting  from  the  old  end, 
and  therefore  covering  the  outer  six  or 
seven  hundred  feet  of  this  jetty  as  it  is 
at  present.  Between  ^July  18  and 
October  21,  1876,  three  months,  the 
outermost  pile  had  settled  2.55  feet,  the 
innermost  0.67,  the  gradation  being  pro- 
gressive. 

On  the  west  jetty  the  observations  be- 
gan about  270  feet  within  the  present 
end  and  extended  back  along  250  run- 
ning feet  of  the  jetty,  the  observed  set- 
tlements graduating  from  1.60  to  0.80 
feet.  Owing,  however,  to  the  great  sub- 
sidence of  mattresses  and  piles  at  the 
outer  ends,  as  first  fixed,  the  terminal 
points  were  (as  before  stated)  withdrawn 
330  and  280  feet  respectively,  by  which 
withdrawal  the  jetties  now  terminate  in- 
side the  crest  of  the  old  bar — the  eastern 
on  the  very  edge,  the  western  at  200  feet 
inside  of  it. 

Inasmuch  as  a  full  statement  of  the 
"  progress "  of  the  construction  can 
scarcely  be  made  without  reference  to 
the  repeated  partial  reconstructions  on 
account  of  subsidence,  we  have  been  led 
to  develop  that  subject  so  fully.  For 
details  of  actual  construction,  we  refer  to 
the  third  report  of  Major  Comstock,  and 
to  map  No.  2  of  the  same  report,  which 
exhibits  various  sections  of  the  jetties  as 
built,  and  makes  it  unnecessary  that  we 
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should  swell  this  report  by  further  de- 
scription. 

Up  to  November  1,  1878,  there  had 
been  consumed  in  the  construction  of  the 
two  jetties  and  of  the  Kipp  dam,  as 
stated  by  the  engineers  employed  by  Mr. 
Eads,  310,830  cubic  yards  of  mattresses 
and  willows  and  54,565  cubic  yards  of 
stone,  mostly  small  stone. 

By  decision  of  -the  Attorney-General, 
January  17,  1877  (Ex.  Doc.  28,  Part  1, 
H.  K.,  Forty-fourth  Congress,  second  ses- 
sion), the  channel  through  the  shoal  at 
the  "  head  of  the  pass"  is  made  a  part  of 
the  "South  Pass,"  through  which  a 
" navigable  depth  "  is  exacted  by  the  act 
of  March  3,  1875.  The  work  at  this 
locality  had,  however,  been  undertaken 
by  Mr.  Eads  simultaneously  with  that  on 
the  jetties.  A  deflecting  dike  or  "  catch- 
water  "  was  designed  and  commenced, 
running  from  the  eastern  margin  of  the 
entrance  to  the  pass,  a  distance  of  about 
3,000  feet,  in  a  course  starting  northerly, 
curving  to  the  westward  ;  but  a  channel 
into  the  west  entrance  developing  itself, 
which  vessels  began  to  use,  the  plan  was 
abandoned,  and  the  channel  east  of  the 
island  was  closed  by  a  dam.  Dikes 
(called  "T-head  dams"  on  charts)  were 
run  out  from  the  island  and  from  the 
west  bank,  and  they  now  define  the 
present  channel  or  entrance.  The  island 
or  eastern  T-head,  about  1,600  feet  long 
(originally  800  feet  longer)  running  north- 
west by  north  from  the  head  of  the 
island,  consists  at  present  only  of  a  row 
of  piles  and  a  single  layer  of  mattresses 
on  the  bottom. 

The  west  T-head,  800  feet  distant  from 
the  eastern  one,  starts  from  a  point  about 
1,200  feet  above  the  origin  of  the  latter 
and  400  feet  distant  from  the  west  shore, 
with  which  it  is  connected  by  a  dam. 
Except  the  last  350  feet,  this  T-head  is 
built  up  above  flood  tide  with  five  or  six 
tiers  of  matresses  loaded  with  stone  on  a 
double  foundation  layer  of  two  matresses 
side  by  side.  The  extension  of  350  feet 
has  at  present  its  fomidation  layer  only. 
The  dam  above  mentioned  has  been  built 
up  above  high-water  level  and  loaded 
with  stone. 

The  permanent  dam,  550  feet  long,  ex- 
tending from  the  lower  part  of  the  island 
to  the  east  shore  and  stopping  the  old 
east  channel,  has  been  built  up  above 
high-water  and  well  loaded  with  stone. 


The  foregoing  described  constitute  the 
system  of  "works"  properly  belonging  to 
the  head  of  the  pass.  Aivxiliary  thereto, 
mattress  "sills,"  so  called,  have  been  laid 
on  the  bottom  across  the  two  great 
passes.  The  one  across  Southwest  Pass 
runs  from  the  west  shore  (from  which  a 
spur-dam  about  400  feet  long  is  first 
thrown  out)  to  a  point  near  the  upper 
end  of  the  west  T-head.  The  entire 
length,  including  spur-dam,  is  about 
3,200  feet.  The  one  across  the  North- 
east Pass  runs  from  the  end  of  the  old 
east  dike  to  the  opposite  shore,  length 
about  3,000  feet.  They  consist  of  a 
single  mattress  layer  70  feet  wide  and 
about  30  inches  thick,  weighted  with 
stone. 

In  these  various  works  at  the  head  of 
the  pass  have  been  consumed  141,100 
cubic  yards  of  mattresses  and  willows. 
and  10,755  cubic  yards  of  stone,  as  stated 
by  Mr.  Eads'  engineer. 

The  foregoing  is  deemed  a  sufficiently 
full  report  of  the  "progress  made  in  the 
construction  of  the  works." 

In  what  precedes  we  have  made  no 
mention  of  the  wing-dams  which  have 
been  constructed  at  various  times.  Their 
maintenance  not  being  contemplated  as 
permanent  works,  it  is  understood  they 
have  already  subserved  the  purpose  in- 
tended, of  accelerating  the  process  of 
channel  formation. 

2.  PROBABLE  COST  OF  COMPLETION. 

Inasmuch  as  the  act  of  Congress  by 
which  the  contract  was  made  with  James 
B.  Eads  for  improving  the  South  Pass  of 
the  Mississippi  River,  expressly  stipulates 
that  the  contractor  should  have  perfect 
freedom  as  to  the  means  to  be  used  in 
obtaining  the  depths  and  widths  of  chan- 
nel named  in  the  act,  estimates  of  the 
cost  of  completing  the  works  could  only 
be  made  after  the  board  had  been  offici- 
ally informed  by  the  contractor  of  the 
methods  which  he  purposed  using.  An 
official  letter  requesting  this  information 
was  sent  to  the  contractor  (copy  attached 
and  marked  A)  as  soon  as  the  board 
arrived  at  Port  Eads.  His  reply  (copy 
attached  and  marked  B),  with  the  ac- 
companying drawings,  fully  set  forth 
his  present  plans  and  methods  of  com- 
pleting the  works.  These  plans  are  nec- 
essarily subject  to  modification,  should 
experience  in  carrying  them  into  effect 
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indicate  a  necessity  therefor.  Whether 
such  a  necessity  will  arise  cannot  be  fore- 
seen, and  therefore  estimates  must  be 
based  on  the  plans  as  they  now  stand. 

The  following  is  a  brief  statement  of 
the  work  proposed : 

1.  The  top  of  the  east  jetty  is  to  be 
raised  to  the  height  which  the  contractor 
deems  desirable,  which  .varies  from  1^- 
feet  above  average  flood  tide  at  East 
Point,  to  7  feet  9  inches  above  the  same 
plane  at  the  sea  end.  The  upper  part  of 
this  jetty,  from  the  point  500  feet  below 
its  origin  (to  which  point  the  jetty  may 
be  considered  as  finished)  to  a  point  9,200 
feet  below,  is  to  be  raised  to  the  level  of 
1^  feet  above  average  flood  tide,  and 
finished  by  a  rounded  paving  of  riprap 
stone.  The  next  1,000  feet  in  length  is 
to  be  capped  by  a  low  wall  of  rubble 
masonry.  The  remaining  portion  of  this 
jetty  to  its  sea  end,  a  distance  of  1,550  feet, 
is  to  be  capped  with  large  blocks  of  con- 
crete built  in  place,  on  which  at  a  later 
date  a  continuous  parapet  of  concrete  is 
to  be  built.  The  river  and  sea  slopes  of 
this  jetty  and  its  sea  end  are  to  be  pro- 
tected by  mattresses  covered  with  stone, 
additionally  strengthened  at  the  sea  ends 
and  for  some  distance  back  by  crib-works 
of  palmetto  logs  filled  with  stone. 

2.  The  west  jetty  is  to  be  treated  in  a 
similar  manner,  the  changes  in  the  meth- 
od of  finish  being  made  at  points  oppo- 
site those  at  which  the  changes  are  made 
on  the  east  jetty.  The  protections  de- 
signed for  the  sea  end  and  for  the  slopes 
of  the  west  jetty  are  not  so  extensive  as 
those  for  the  east  jetty,  the  latter  being 
apparently  considered  as  more  exposed 
to  injury. 

3.  The  training-walls  at  the  head  of 
the  South  Pass  (called  on  the  maps 
"T-head  dams")  are  to  be  improved. 
The  eastern  training-wall,  on  which  but 
little  work  had  been  done,  is  to  be  raised 
above  the  surface  of  the  water.  The 
portion  at  the  head  of  the  western  train- 
ing-wall, now  consisting  of  piles  and  one 
layer  of  mattresses,  is  to  be  completed. 

4.  The  obstruction  now  in  the  South- 
west Pass  is  to  be  increased  by  the 
superposition  of  other  mattresses  until 
the  cross-section  of  this  pas.s  is  made 
about  12,000  square  feet  less  than  it  was 
after  the  original  sill  had  been  laid. 

5.  The  dam  closing  Grand  Bayou  is 
to  be  maintained  by  such  additional  work 


as  may  from  time  to  time  become  neces- 
sary. 

Mr.  Eads  estimates  the  cost  of  doing 
the  work  thus  summarily  indicated  at 
$349,641. 

The  board  have  carefully  gone  over 
the  details  of  this  estimate,  and  believe 
that  it  is  substantially  correct.  They 
differ  from  Mr.  Eads  in  some  minor 
items  of  cost,  but  these  differences  are 
amply  covered  by  the  $58,273  allowed 
for  contingencies.  The  board  is,  there- 
fore, of  the  opinion  that  the  work  indi- 
cated by  Mr.  Eads  can  probably  be  done 
for  his  estimate,  provided  no  extraordi- 
nary contingencies  intervene. 

This  at  once  brings  up  the  question 
whether  the  completion  of  the  indicated 
works  is  a  substantial  completion  of  the 
original  project,  and  may  be  so  considered 
in  questions  of  compensation. 

When  may  the  works  at  the  South 
Pass  be  considered  as  completed? 

A  careful  study  of  the  act  of  Congress, 
under  whose  authority  the  original  con- 
tract was  made  with  Mr.  Eads,  shows 
that  there  is  no  mention  of  any  specific 
work  to  be  done  by  the  contractor.  The 
act  authorizes  him  to  construct  "such 
walls,  jetties,  dikes,  levees,  and  other 
structures,  *  *  *  as  he  may  in  the  pros- 
ecution of  said  work   deem  necessary." 

It  also  expressly  states,  that  "said 
Eads  shall  be  untrammeled  in  the  exer- 
cise of  his  judgment  and  skill  in  the 
location,  design  and  construction  of  said 
jetties  and  auxiliary  works."  The  only 
limitation  on  the  contractor  is  the  pro- 
vision that  the  jetties  "shall  not  be  less 
than  700  feet  apart." 

The  whole  contract  is  based  on  results. 
Certain  specified  sums  were  to  be  given 
to  the  contractor  for  certain  depths  of 
channel  obtained  by  him.  It  was  only 
required  that  the  jetties  should  be  " per- 
manent and  sufficient"  "to  create  and 
permanently  maintain"  these  various 
depths,  the  test  of  the  permanent  com- 
pletion of  the  work  being  the  creation 
and  maintenance  for  20  years  of  a  chan- 
nel 30  feet  deep  and  350  feet  wide.  This 
is  the  standard  of  completion  established 
by  law,  and  there  is  no  power,  short  of 
the  power  that  made  the  law,  that  can 
change  the  standard. 

3.    THE   RESULTS     PRODUCED. 

The  average  width  of  the  South  Pass 
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between  banks,  is  about  700  feet;  the 
depth,  so  long  as  that  width  is  main- 
tained, is  about  30  feet.  At  East  Point, 
where  the  eastern  bank  terminates,  and 
where  the  width  was  already  increased 
to  850  feet,  the  bank  confinement  ceased ; 
thence  to  the  crest  of  the  bar,  2^  miles 
distant,  the  depth  gradually  diminished 
to  about  9  feet  (average  flood  tide).  The 
last  half  mile  before  reaching  the  outer 
crest  having,  nearly  uniformly,  only  this 
small  depth. 

The  results  produced  by  the  works 
may  be  stated  as  follows  (omitting  the 
tabular  statement  of  the  report  for  want 
of  room) : 

The  maximum  bar-depth  that  has  been 
obtained  prevailed  December  14,  1877, 
when  it  was  23.7  feet.  At  the  date  of 
the  latest  survey,  December  28,  1878,  it 
was  23  feet.  This  slightly  diminished 
bar-depth  by  no  means  indicates  actual 
retrogression  in  the  progress  of  "  re- 
sults." On  the  contrary,  there  has  been 
constant  progressive  general  improve- 
ment in  the  jettied  channel,  at  no  time 
more  evident  than  at  the  present. 

At  the  date  last  named,  a  depth  of  24 
feet,  with  a  channel-width  of  300  feet, 
extended  down  to  within  2,000  feet  of 
the  jetty  ends;  and  the  same  depth  with 
a  channel-width  of  200  feet,  almost  to 
the  very  ends.  Thence  to  the  same 
depth  outside  was  a  distance  of  but  60 
feet  with  a  navigable  channel  of  23  feet 
intervening. 

The  25-foot  channel  has  nearly  the 
extent  of,  and  not  much  less  width  than, 
the  24-foot  channel.  From  its  terminus 
inside  to  the  same  depth  outside  of  the 
bar,  there  is  but  an  interval  of  160  feet. 

The  26-foot  channel  extends  (with  a 
break  of  only  150  feet)  down  to  within 
1,000  feet  of  the  jetty  ends.  Above  the 
single  interruption  mentioned,  which  is 
3,000  feet  from  the  ends,  the  26-foot 
channel  has  in  its  narrowest  parts  100 
and  150  feet  width;  in  the  widest,  350 
and  700  feet,  the  latter  at  the  site  of  the 
so-called  "deep  hole." 

The  depth  of  27  feet  is  found  at 
.various  points  in  the  channel  down  to 
very  near  the  jetty  ends. 

If  we  eompare  the  above  with  the 
chart  of  a  year's  earlier  date  (December 
5,  1877)  we  find  a  general  improvement 
of  navigable  channel  through  the  lower 
6,000  feet.     There  is  24  feet  where  there 


then  was  22  feet;  that  is  to  say,  a  gen- 
eral increment  of  the  channel  depth  by 
2  feet,  accompanied  by  rectification  and 
widening  of  areas  of  lesser  navigable 
depths ;  there  being  for  the  22-foot 
depth  230  feet  width  at  the  bar  and  a 
general  width  within  of  over  400  feet. 

(Even  greater  increase  of  depth 
amounting  to  6,  7,  and  even  10  feet  are 
stated  to  have  taken  place  in  the  upper 
portions  of  the  jetties  channel.) 

At  the  head  of  the  passes  the  result  of 
the  works  has  been  the  procuring  of  a 
channel-depth  of  22  feet  where  there  was, 
over  the  shoal,  but  14  or  15  feet.  If  we 
compare  the  present  condition  with  the 
chart  of  December,  1877,  we  find  that 
while  the  actually  navigable  depth  is  not 
much  changed,  the  distance  between  the 
24-foot  curves  at  T-heads  and  above  the 
same  respectively  has  increased  from  350 
to  800  feet ;  this  augmentation  of  the  bar- 
width  taking  place  both  inwardly  and 
outwardly,  but  in  much  the  greater  pro- 
portion outwardly  (i.e.,  on  the  Southwest 
Pass  margin).  Between  the  training 
walls  the  channel  may  have  somewhat  im- 
proved, not  by  increase  of  maximum 
depths,  but  by  the  diffusion  of  the  cur- 
rent more  equally  over  the  intervening 
space. 

4.     RESULTS     THAT     MAY    PROBABLY     BE     PRO- 
DUCED. 

It  is  a  difficult  matter  to  respond  sat- 
isfactorily to  this  requirement  of  the  law 
inasmuch  as  the  efficient  causes  cannot 
be  precisely  defined  or  measured.  Refer- 
ence to  opinions  of  engineers  who  have 
recommended  the  resort  to  jetties  and 
developed  their  views  as  to  depths  which 
should  be  obtained  by  the  means  pro- 
posed, furnishes  one  basis  of  judgment. 
Reference  to  the  actual  results  combined 
with  the  progress  and  present  condition 
of  the  works  furnishes  another.  The 
trial  of  the  jetty  system  at  the  South 
Pass,  or  at  least  a  further  study  of  the 
subject,  before  undertaking  the  construc- 
tion of  a  ship-canal,  was  first  recommend- 
ed in  the  minority  report  of  the  Board  of 
Engineers  of  1873,  with  the  expression 
of  opinion  that  25  feet  at  low-water 
might  be  attained;  the  practicability  of 
terminating  the  jetties  inside  the  bar 
crest  (instead  of  encountering  the  great 
expense   and   doubtful   practicability   of 
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prolongation  to  deep  water)  being 
assumed  or  supposed  probable. 

The  Board  of  Engineers  constituted 
by  act  of  June  23,  1874,  "to  determine 
the  best  method  of  obtaining  and  main- 
taining a  dejjth  of  water  sufficient  for  the 
purposes  of  commerce,  either  by  a  canal 
from  said  river  to  the  waters  of  the  Gulf, 
or  by  deepening  one  or  more  of  the 
natural  outlets  of  said  river,"  proposed, 
by  the  extension  of  jetties,  900  feet 
apart,  to  the  depth  of  30  feet  outside,  to 
obtain  provisionally  a  channel-depth 
which  would,  as  was  estimated,  gradually 
shoal  by  bar  advance  in  about  ten  years 
to  25  Jeet  depth,  when  the  jetties  must 
be  extended  1,000  feet  seaward  to  reach 
30  feet  depth  again.  The  present  jetties 
are  about  950  feet  apart,  and  terminate, 
the  eastern  almost  an  the  outer  edge  of 
the  bar,  where  there  was  originally  but 
15  or  16  feet  of  water;  the  western, 
about  200  feet  within  the  outer  edge, 
where  there  was  but  7  or  8  feet  of  water. 
The  conditions,  therefore,  by  which  the 
engineers  of  the  board  of  1874  expected 
to  get,  provisionally,  30  feet  depth,  do 
not,  in  the  existing  arrangements,  fully 
obtain. 

Mr.  Eads,  in  his  letter  to  this  board, 
herewith  appended,  states: 

"I  believe  the  natural  pass  is  sufficient  j 
to  create  and  maintain  a  channel  through 
the  jetties  that  shall  have  a  central  depth 
of  thirty  feet  when  the  jetties  are  fully 
consolidated  and  all  leakage  through 
them  is  prevented ;  but  I  do  not  believe 
such  volume  will  produce  a  channel  of 
greater  magnitude." 

Though  the  ground  for  this  belief  is 
not  here  stated  by  Mr.  Eads,  it  is  under- 
stood that  he  relies  on  the  fact  that  the 
pass,  in  its  natural  condition,  maintains  a 
depth  of  30  feet  in  its  channel.  He  be- 
lieves that  the  jetties  will  carry  out  that 
depth,  undiminished,  to  the  sea.  This, 
too,  was  admitted  or  assumed  by  the 
board  of  1874,  provided  always,  the  jet- 
ties, 900  feet  apart  or  less,  be  extended 
to  or  beyond  that  natural  depth  in  the 
Gulf.  This  proviso  is  not  fulfilled,  as 
we  have  seen,  by  the  existing  jetties. 

The  foregoing  refers  to  a  priori  opin- 
ions. Turning  now  to  the  results  actu- 
ally and  progressively  obtained,  coupled 
with  the  stage  of  construction  and  pres- 
ent condition  of  the  jetties,  the  facts  of 


the  case  have  been  stated  under  the 
proper  head. 

The  jetties,  since  their  commencement, 
have  produced  an  increase  of  bar  (or  min- 
imum navigable)  depth  from  9  to  23  feet ; 
and  if  the  last  twelve  months  have  shown 
no  actual  increment  of  that  particular 
element,  yet  there  has  been  (as  already 
fully  set  forth)  a  most  decided  improve- 
ment throughout  the  whole  jettied  chan- 
nel length.  There  is  ground  to  look  for 
further  improvement,  coupled  with  in- 
crease of  bar-depth,  which,  to  25  feet, 
requires  the  cutting  through  of  a  bar  of 
only  160  feet  width.  But  the  jetties 
have  not  yet  (as  seen  in  our  statements 
on  "progress,  &c")  acquired  their  full 
action.  The  outer  ends,  though  more 
than  once  raised,  are  still  submerged. 
According  to  Captain  Brown,  Eighth 
Report,  p.  31,  "at  least  20  per  cent,  of 
the  water  passing  the  land's  end  at  East 
Point,  escapes  over  the  jetties  and 
through  the  meshes  of  the  mattresses  at 
average  flood-tide."  Mr.  Corthell,  resi- 
dent engineer  under  Mr.  Eads,  estimates 
the  escape  at  25  per  cent.  By  far,  the 
greater  portion  of  this  escape  takes  place 
along  the  lower  1,000  or  1,500  feet  of 
length.  Moreover,  the  temporary  effect 
of  the  operations  at  the  jetties  at  Grand 
Bayou,  and  at  the  head  of  the  passes,  has 
been  to  diminish  the  discharge  of  the 
pass  by  10  or  12  per  cent.  The  raising 
and  consolidating  the  jetties  at  their  out- 
er ends  will  in  great  measure  prevent  the 
loss  attributed  to  imperfect  confinement ; 
the  volume  originally  entering  the  pass 
at  the  head  may  probably  be  restored. 

The  foregoing  considerations,  and  the 
facts  already  stated  under  the  head  of 
"the  results  produced,"  induce  us  to 
think  that  if  the  jetties  were  well  consol- 
idated and  raised  sufficiently  high  to  pre- 
vent leakage  and  overflow,  a  considerable 
increase  of  navigable  depth  would  result. 
We  cannot  state  that  in  our  opinion  it  is 
a  "probable  residt"  that  the  depth  of  30 
feet  will  be  attained,  as  assumed  by  Mr. 
Eads.  What  the  limit  will  be,  cannot  be 
positively  announced.  That  it  may  at- 
tain 25  or  26  feet  is  all  that  we  can 
venture  to  expect,  as  a  depth  which  shall 
permanently  maintain  itself;  and,  as  past 
experience  shows  annual  fluctuations 
amounting  to  about  2  feet,  a  permanent 
channel  25  or  26  feet  will  require  an 
occasional  channel  of  27  or  28  feet. 
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With  regard  to  the  head  of  the  passes, 
the  considerable  widening  of  the  bar  or 
shoal  between  24  feet  inside  and  24  feet 
outside  during  the  last  twelve  months,  is 
an  unfavorable  result.  The  work  designed 
by  Mr.  Eads,  and  embraced  in  his 
estimate  for  "completion,"  and  now  com- 
menced, consisting  mainly  in  the  raising 
by  additional  mattresses  the  sill  of  the 
Southwest  Pass,  with  the  view  of  restor- 
ing the  lost  inflow  to  the  South  Pass,  and 
deepening  the  entrance,  may  accomplish 
the  result  expected.  We  have  not  full 
confidence,  however,  that  that  measure 
alone  will  do  so. 

In  connection  with  the  "probable  re- 
sults "  of  jetty  construction  upon  which 
we  are  directed  to  report,  there  is  one  to 
which  pre-eminent  importance  has,  been 
attributed  and  which  should  not  be  here 
overlooked — that  of  bar  advance.  The 
Board  of  Engineers  of  1874,  in  recom- 
mending the  jetty  construction  at  the 
South  Pass,  assumed  that  the  normal 
rate  (supposed  to  be  100  feet  per  annum) 
would  be  maintained  after  the  pass  was 
jettied,  and  hence  that,  to  maintain  a 
depth  of  at  least  25  feet,  the  jetties  must 
be  prolonged  every  ten  years.  One  of 
the  main  arguments  used  against  the  re- 
sort to  the  jetty  system  has  always  been 
that  a  greatly  increased  rate  of  bar  ad- 
vance will  ensue.  On  this  point  we  refer 
to  the  Seventh  and  Eighth  Eeports  of 
Captain  Brown,  and  to  his  Annual  Be- 
port  of  June  30,  1878.  By  the  Seventh 
Beport,  page  30,  it  is  shown  that  over  a 
fan-shaped  area  of  1^  square  miles  imme- 
diately seaward  of  the  ends  of  the  jetties, 
there  had  been  between  June  20,  1876, 
and  June  22,  1877,  a  mean  "  fill "  of  four- 
tenths  of  a  foot.  Parts  of  this  area  had 
scoured  {%.  e.,  had  become  deeper) ;  in  4 
of  the  21  sections  there  had  been,  on  the 
contrary,  a  large  "  fill " ;  the  average 
total  result  having  been,  as  just  stated, 
a  slight  shoaling  of  0.4  foot.  Over  this 
same  area  (page  15,  Annual  Beport) 
there  had  been  in  the  subsequent  twelve 
months  from  June,  1877,  to  July,  1878, 
a  scour  (L  e.,  increase  of  depth)  averag- 
ing 1.8  feet. 

By  the  table,  p.  33,  of  the  Eighth  Be- 
port, it  is  shown  that  in  that  portion  of 
the  30-foot  curve,  lying  seaward,  between 
the  prolongations  of  the  jetties,  an  ad- 
vance of  132  feet  had  taken  place  so  early 
as  October,  1875,  soon  after  the  jetties 


were  commenced  and  before  any  impres- 
sion had  been  made  on  the  bar.  During 
the  subsequent  period  of  two  years  there 
had  been  fluctuations,  the  advance  reach- 
ing (July  28,  1877)  the  magnitude  of  242 
feet,  followed  by  a  retrogression  to  108 
feet,  December  15,  1877.  This  last  was 
followed  by  another  retrogression  (table, 
page  18,  Annual  Beport)  to  60  feet  in  the 
early  summer  of  1878,  succeeded  by  an 
advance,  July  15,  to  140  feet. 

The  foregoing,  referring  to  the  por- 
tions of  the  30-foot  curve  included  be 
tween  the  prolongations  of  the  jetties., 
affords  no  proof  of' progressive  advance. 
If,  in  this  connection,  we  take  into  ac- 
count the  position  of  the  30-foot  curve 
outside  the  jetties  (and  this  is  evidently 
a  better  test),  there  is  shown,  instead  of 
advance,  an  absolute  retrogression.  Or, 
again,  if  we  have  reference  to  deeper 
curves,  Captain  Brown's  surveys  (Annual 
Beport,  table,  p.  15)  show  that  from 
June,  1877,  to  July,  1878,  the  40,  50,  60, 
80,  90,  and  100  foot  curves  had  drawn  in 
towards  the  ends  of  the  jetties  the  re- 
spective distances  of  117,  228,  190,  65, 
71,  and  183  feet ;  the  70-foot  curve  alone 
showing  advance  into  the  Gulf  (46  feet). 
The  actual  results,  therefore,  so  far  as 
we  know  them,  do  not  justify  the  pre- 
dictions of  accelerated  bar  advance.  On 
the  contrary,  they  show  a  disappearance 
of  bar  material  from  the  front  of  the 
jetties. 

5.    PROBABLE    PERMANENCY. 

Wave  (or  storm)  action  of  the  sea  and 
decay  or  destruction  by  the  teredo  of  the 
willow  mattresses  are  the  principal 
destructive  elements  to  be  mentioned. 
An  additional  element  of  deterioration. 
viz.j  settlement  not  peculiar  to  the  loca- 
tion, but  supposed  to  be  so  prominent  as 
to  involve  the  question  of  permanence, 
must  also  be  noticed. 

The  jetties,  except  the  extreme  ends  and 
contiguous  portions,  for  about  1,500  feet 
inward,  are  so  well  sheltered  by  shoals 
that  wave  action,  except  on  those  por- 
tions, has  little  effect.  On  the  sea-ends 
the  effect  has  been  considerable,  but 
mainly  superficial,  destroying  more  than 
once  the  upper  course  or  courses  of  mat- 
tresses and  washing  off  and  scattering 
the  stones  (mostly  small)  which  have 
been  repeatedly  applied  to  the  top  sur- 
face.    Wave   action  is  by   no   means  as 
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violent  here  as  in  similar  exposures  on 
the  Atlantic  coast.  We  see  no  reason  to 
doubt  that  the  thick  concrete  capping 
Mr.  Eads  is  now  commencing-  to  apply 
(work  having  already  begun  on  the  upper 
portions),  flanked  by  enrockments  of 
heavy  stones  on  palnietto-log  grillages 
overlying  the  original  marginal  mat- 
tresses, will  resist  sea-action. 

Wood  of  all  kinds  considerably  sub- 
merged is  sufficiently  secure  against 
decay. 

Experience  here  shows  that  for  about 


Eads  having  already  received  $1,686,000 
— that  Congress  has  already  authorized 
(by  Act  of  June  19,  1878)  advancing 
$1,000,000  ($686,000  of  the  total  already 
received  being  on  this  accoimt)  over  and 
above  what,  under  the  terms  of  the  con- 
tract has  been  earned— the  board  does 
not  admit  his  plan  for  further  immediate 
payment;  but  recommends  an  additional 
advance,  for  carrying  on  the  work,  of 
$250,000. 

The  board  considers  it  "  premature  to 
recommend  at  this  time  any  changes  in 


1,700  feet  inwards  from  the  jetty  ends   channel  dimensions,  as  required  by  the 


the  teredo  destroys  rapidly  all  exposed 
wood  (including  in  this  term  the  willows 
of  the  mattresses)  lying  more  than  four 
or  five  feet  below  the  surface  of  the 
water.  Evidence  enough  of  its  attacks 
upon  piles  and  willows  exists.  But  the 
teredo  does  not  attack  wood  where  the 
free  access  of  sea-water  is  impeded. 
Those  portions  of  a  stick  buried  in  mud 
or  sand,  or  packed  around  with  mud  or 
sand,  are  secure.     We  have  no  reason  to 


contract,"  and  "in  view  of  its  recom- 
mendation that  Mr.  Eads  be  provided 
with  sufficient  funds  to  complete  his 
work  according  to  his  own  programme, 
and  of  his  expressed  ability  to  obtain  the 
depth  and  width  of  channel  prescribed  " 
declines  to  recommend  any  essential 
modification.  But  in  compliance  with 
one  of  Mr.  Eads'  suggestions  it  advises 
as  follows: 

"  As  every  additional  foot  in  depth  of 


believe  that  the  teredo  has  penetrated  or  channel  is  of  substantial  benefit  to  corn- 
can  penetrate  far  into  the  interior  of  the  j  merce,  we  would  suggest  the  advisability 
mattress  courses ;  we  have  pretty  good  J  of  a  change  in  the  terms  of  payment  in 
reason  to  believe  that  the  foundation  I  the  original  act,  so  as  to  allow  of  pay- 
mattresses  are,  and  will,  remain  secure ;  I  ments  for  each  additional  foot  gained  in- 


and  probably  also  the  bulk  of  the  interior 
of  the  masses  of  willow-work. 

In  what  we  have  said  under  the  head 
of  "progress"  we  have  given  sufficiently 
full  details  concerning  settlement.  It  is 
still  very  great  at  the  outer  ends,  though 
very  much  less  in  all  those  portions  more 
than  two  or  three  thousand  feet  from 
those  ends.  That  additional  superficial 
applications  of  stone  or  concrete  will  be 
necessary  to  the  structures  we  must  ex- 
pect. 

In  the  ordinary  sense  of  the  word 
permanency,  i.e.,  capability  of  endurance 
of  destructive  forces,  the  works  may  be 
said  to  possess  the  attribute,  to  a  reason- 
able degree,  for  work  of  the  kind  thus 
situated.  As  regards  the  outer  ends  it 
is  yet  early  to-  predict  to  what  extent  or 
how  long  renewals  of  height  to  compen- 
sate the  still  progressing  settlement  must 
be  resorted  to. 

6.  ADVISABILITY  OF  ANY  MODIFICATION'  OF 
THE  ACT  AS  KEGARDS  TERMS  OF  PAY- 
MENT   AND    DIMENSIONS    OF    CHANNEL. 

Under  this  head  the  board  states  sub-  j 
stantially  that,  in  view  of  the  fact  of  Mr.  I 


stead  of  for  every  two  feet. 


Schwedlee's  Truss. — This  truss  is  so 
designed  as  to  avoid  the  necessity  for  the 
use  of  counterbraces.  It  is  symmetrical 
with  respect  to  the  middle  of  the  span. 
The  heights  of  posts  on  either  side  are  to 
be  calculated  according  to  the  following 
formula,  which  is  exact  and  is  believed  to 
be  new 

_  Cx(n— x) 


H2 


n  +  dx 


where  n= number  of  panels 
"   Ha = height  of  icth  post 
"      #=max.  ratio  of  live  to  dead  load 

and  C  is  a  constant  determined  for  an  as- 
sumed depth  at  midspan.  If  6  (n— 2)>4 
the  value  of  H^  attains  its  maximum  H 
before  reaching  mid  span.  In  this  case 
H  is  to  be  used  for  all  posts  from  this  to 
midspan  inclusive.  The  values  of  H^ 
may  be  laid  off  above  the  line  of  the 
supports  below,  part  above,  and  part 
below  or  entirely  above  for  roof  truss. 

Wm.  M.  Thobnton. 
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III. 


GROINED    AECHES. 

80.  Let  ABCD^Fig.  17^  be  the  plan  of 
a  groined  arch,  AC  and  BD  representing 
the  groins;  the  elevation  is  shown,  at 
BMC,  of  the  front  face  AD.  There  are 
abutments  at  A,  B,  C  and  D,  one  of 
h  is  shown  at  A  in  plan. 


Let  us  divide  the  portion  of  the  arch 
and  load  between  the  groins  into  simple 
arches,  as  AID,  aa  IJ,  .  .  .  which  rest  at 
their  extremities  on  the  groins  AE,  DE. 
We  can  estimate  the  stability  of  any  one 
of  these  arches  by  principles  previously 
established,  and  find  the  resultant  press- 
ure that  it  exercises  upon  the  groin. 
The  latter  supports  a  similar  pressure 
from  each  side ;  the  resultant  of  these 
two  pressures,  which  is  generally  oblique, 
can  then  be  decomposed  into  horizontal 
and  vertical  components,  which  are  the 
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forces  to  be  used,  in  their  proper  posi- 
tions, in  ascertaining  the  stability  of  the 
simple  .arch  constituting  the  groin,  and 
also  of  the  abutment  against  which  it 
leans. 

81.  An  example  will  render  this  clearer. 
The  dimensions  are  given  in  meters, 
though  any  unit  may  be  taken.  Let  AD 
=  7.54;  the  arc  AFD  in  plan,  a  semi- 
circle whose  radius  is  thus,  OB  =  3. 77; 
depth  of  keystone  KL  =  0.47  ;  the  height 
of  surcharge  above  it,  LM=1.26.  Divide 
the  semi  groin  AE  into  a  number  of  equal 
parts,  four  in  the  figure,  and  suppose, 
each  simple  arch,  as  AID,  to  teraiinate  at 
the  middle,  a4?,  of  its  corresponding  di- 
vision. Project  up  <z:,  a2,  a3,  «4  to 
6l5  62,  b3,  bt,  in  elevation.  Then  on  this 
supposition  the  weight  AIF  sustained  at 
<z4  is  represented  in  elevation  by  MN64K, 
supposing  the  joints  vertical.  Similarly 
for  arch  a3  JI,  etc.  Pass  a  curve  of 
pressures  now  through  the  top  of  middle 
third  limit  at  the  crown  KL  and  the 
lower  middle  third  limit  about  the  joint 
of  rupture,  taken  approximately  at  &4  in 
this  case,  from  which  the  resultant  at 
(a4  b4)  can  be  found.  It  is  sufficiently 
correct,  and  is  on  the  side  of  safety  for 
the  other  arcs,  as  a3  IJ,  to  retain  the 
same  value  and  jDOsition  of  Q  at  the 
crown.  We  thus  find  from  the  diagram 
for  arc  AID  the  resultants  in  amount, 
position    and    direction    at    the    points 

K>  &,)>  («,>  M>  («!.  K)  of  tne  groins, 
due  to  all  the  arcs  in  the  space  AEE. 

In  the  following  table  of  volumes  and 
centers  of  gravity,  v=  volume  of  trapezoid 
lying  just  to  right  of  joint  to  which  it  re- 
fers = width  X  mean  height  XlP. 

In  this  case  IF=JI=0.94.  I  is  the 
distance  of  the  center  of  *  gravity  of  the 
trapezoid  from  the  crown,  and  m  the 
corresponding  moment.  V  is  the  vol- 
ume from  the  crown  to  the  joint  to 
which  it  refers  found  by  cumulating  the 
numbers   in   column  v.     Similarly  31  is 

formed  from  m,  and  the  quotients  ^r=C, 
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give  the  distances  of  the  centers  of  grav- 
ity of  these  volumes  V  from  the  crown. 


Joint. 

V 

I 

■m 

V 

M      |   C 

1 

.78 

.24 

.1872 

.78 

.1872      .24 

2 

1.68 

.96 

1.6128 

2  46 

1.8000 

.73 

8 

2.04 

1.91 

3.8964   4.50 

5.6964 

1.27 

4 

2.74 

2.87 

7.8638 

7.24 

13.5602 

1.87 

7.24 

13.5602 

Laying  off  lm.87  from  the  crown  to 
the  left  on  Q  prolonged  and  drawing 
from  this  point  a  straight  line  to  b4,  we 
have  the  direction  of  the  resultant  at  b4. 
Its  amount  is  found  by  laying  off 
P4=7.24  on  the  vertical,  through  the 
point  1.87  to  left  of  the  crown,  down- 
wards, and  then  drawing  a  horizontal 
line  to  the  resultant,  which  may  now,  as 
well  as  Q,  be  scaled  off.  We  thus  find 
Q=5.45. 

Next,  combining  the  forces  at  «1?  a2,  a3 
and  a  due  to  the  arcs  on  either  side  of 
the  groin  AE,  we  have  for  the  vertical 
components  of  the  resultants  at  av  a2,  at, 
«4,  1.56,  4.92,  9.,  14.48,  respectively, 
being  double  the  numbers  given  in  col- 
umn V  above. 

The    horizontal    component    at    each 

point  is  QV2  —  1.1. 

82.  It  is  evident  that  the  greater  the 
number  of  divisions  IF,  JI,  &c,  the  more 
accurate  the  result.  It  is  well  to  test  the 
above  volumes  analytically. 

Call  the  radius,  OB=r,  KiVl=<?,  and  the  vari- 
able distance  Hd=aid=x.  Since  any  arc  as  a±de 
of  the  intrados  has  a  radius  r,  its  rise,  when  the 
half  chord  is  #,=(?■—  /\Jrz — x2). 

For  simplicity  we  shall  introduce  one  approx- 
imation, viz:  that  the  areas  of  the  circular 
spandrels  is  nearly  that  of  parabolic  spandrels 
of  same  encompassing  rectangle.  This  is  on 
the  side  of  safety. ' 

We  have,  calling  M'=x, 

area  KMN  4= -^ -+cx. 

On  multiplying  this  by  a  *  =  elementary 
width  of  a  slice,  we  get  the  approximate  vol- 
ume of  one  half  of  a  simple  arch,  ||  AD,  and  at 
a  distance  x  from  E.  The  limit  of  the  sum  of 
such  slices,  between  the  limits  x—r  and  x=o, 
gives  the  total  volume  of  the  part  AEF 

.  ■.  volume  AGFE==+  groined  arch 


=(l+°  ) 


:1.73 


In  this  case  r=3.77  and  c=z. 47+1.26= 
.-.  vol.  AGFE=30.53. 

From  the  table  we  find  this  volume  to  be 
2(.78+2.46+4.50+7.24)=29.92,  which  differs 
but  slightly  from  the  above,  and  is  somewhat 
less,  as  it  should  be. 

83.  It  will  conduce  to  clearness  to  lay 
off  on  an  elevation  of  the  groin  and  abut- 
ment, Fig.  18,  the  forces  just  found, 
directly   over   a ,,  a ,    .    .  .    at  the   same 


Fig.  18 


heights  as  b0  52,  .  .  .  are  above  the 
springing,  viz.,  4.03,  3.76,  3.15  and  2.12. 
The  distance  t  of  the  resultant  T  of  the 
horizontal  forces  above  the  springing  is 
thus, 

7.7(4.03  +  3.76+3.15  +  2.12) 


t: 


=lim^|f*r- 
o  V 


■j  r2— x2  I  x+2ae\ 


T  =  30.8 


'=3.26 


from  which  T  can  be  located.  Similarly 
take  moments  of  the  vertical  forces 
about  A,  to  find  the  distance,  p  that  their 
resultant,  P,  acts  to  the  right  of  A. 

•••  P  = 

14.46  x  .68+9  x  2.01+4.9  x  3.35+1.56  x  4.69 

P=29.92 


A* 


=  1.73 

The  resultant  of  T  and  P  passes  outside 
of  the  arch  ring  above  the  springing.  On 
combining  it  in  turn  with  the  weight  of 
the  abutment  8x3x2,  the  final  resultant 
cuts  the  base  at  s,  -|-  the  depth  from  the 
outer  edge.  The  abutment  may  be  in- 
creased in  size  to  cause  s  to  pass  as  near 
the  center  as  may  be  desired. 
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84.  The  arch  ring  of  the  groin  in  the 
actual  example  has  a  depth  of  0.m94, 
being  double  that  of  the  ring  as  drawn ; 
which  may  thus  be  supposed  to  represent 
its  middle  half. 

To  test  its  stability,  combine  the  re- 
sultant of  the  forces  7.7  and  1.56,  being 
the  pressure  on  the  joint  midway  between 
ffj  and  a2,  with  the  resultant  of  the  next 
two  concurrent  forces,  7.7  and  4.9,  to 
find  the  resultant  on  the  joint  midway 
between  a2  and  a% ;  next,  combine  this 
last  resultant  with  that  of  the  next  two 
concurrent  forces  and  so  on.  The  final 
resultant  on  the  springing  joint  should 
coincide  with  the  resultant  of  P  and  T 
just  found. 

The  line  of  pressures  is  thus  found  to 
keep  very  near  the  center  line  down  to 
«4,  below  which  it  passes  out  of  the  arch 
ring,  on  the  extrados  side. 

The  heavy  backing  will  exert  horizontal 
forces  to  modify  this  line  of  pressures, 
probably  keeping  it  in  the  arch  ring  near 
the  springing ;  for  otherwise  the  intrados 
joints  about  the  springing  must  open ; 
but  this  cannot  happen  unless  the  extrados 
joints  open  about  a%.  If  the  backing 
prevents  the  latter,  the  former  cannot 
occur;  but  if  no  joints  open,  the  line  of 
pressures  must  lie  in  the  middle  third ; 
so  that  the  arch  ring  is  stable. 

85.  It  will  be  observed,  that  no  press- 
ure at  the  crown  is  needed  to  ensure 
stability.  In  fact,  if  any  were  supposed 
it  would  only  cause  the  final  resultant  on 
the  springing  joint  to  depart  still  more 
from  the  arch  ring. 

For  other  dimensions  than  those  given 
in  this  example,  a  horizontal  thrust  at  the 
crown  of  the  groin  may  be  needed.  For 
example,  when  the  line  of  pressures  just 
found  falls  below  the  middle  third  at  any 
joint- 
In  this  case,  if  we  desire  that  the  curve 
of  pressures  pass  through  a  particular 
point  in  the  lower  middle  third  limit,  as 
the  one  vertically  over  ai;  let  the  hori- 
zontal thrust,  H  at  the  crown  KL  act 
at  the  upper  middle  third  limit.  Call  the 
lever  arms  of  H,  T  and  P  about  the 
lower  point  vertically  over  a4,  h,  t  and 
p;  we  have, 

m+T£-P/j=o 

from   which   H   can   be   found  and   the 
curve  of  pressures  located  as  before. 
The  true  curve  keeps  within  the  middle 


third,  and,  as  before  explained,  conforms 
nearly  to  the  maximum  and  minimum  of 
the  thrust  in  the  limits. 

86.  It  is  more  usual  to  place  the  abut- 
ments as  in  Fig.  19.  The  space  between 
them  is  usually  covered  with  .simple 
arches  as  ABCD.    The  horizontal  thrusts 


\ 

ydi                  \ 

E 

1 
1 
1 
1 
i 
1 

1 

1 
i 

1 
1 

i 

A  \                            C 

Fig.  19       u 

of  the  two  leaning  against  one  abutment, 
acting  at  the  crown  joints  are  combined 
into  one,  QV2  acting  directly  overjthe 
center  of  the  abutment,  and  in  Ethe  di- 
rection of  a  diagonal,  as  EA^|  The 
weights  of  the  two  semi-arches  acting  at 
their  centers  of  gravity  are  combined 
into  one,  2P',  acting  at  a  on  the  diagonal 
AE.  On  drawing  now  a  section  of  the 
abutment  along  AE  produced  and  laying 
off  the  forces  Q'V2,  2P',  T,  P,  H  if  any, 
and  the  weight  of  abutment,  in  their 
proper  positions  and  combining  these 
forces  into  one  resultant,  we  ascertain  if 
the  center  of  pressure  at  the  base  of  the 
abutment  lies  within  proper  limits:  the 
middle  third,  or  whatever  limit  is  chosen 
from  practical  considerations.  It  will  be 
found  that  the  addition  of  the  encompass- 
ing arches  conduces  to  stability,  the 
effect  of  the  downward  force  2P',  more 
than  counteracting  the  effect  of  the  force 

Q'V2. 

87.  The  groined  arch  investigated  in 
art.  81,  et  seq.,  is  considered  by  Scheffler; 
but  the  analytical  solution  proposed  by 
him  is  too  rough  an  approximation  to  be 
commended ;  and  besides  it  errs,  in  part 
on  the  safe  side,  and  in  part  otherwise, 
so  that  it  is  not  known  whether  the  final 
result  is  on  the  safe  side  or  not,  especial- 
ly as  the  line  of  pressures  is  made  to 
touch  the  contour  curves. 

For  definitions  of  groined  and  cloistered 
arches,  domes,  &c,  the  reader  is  referred  to 
Mahan's  Civil  Engineering  ;   which  book  like- 
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wise    contains  descriptions  and   drawings    of 
several  noted  bridges. 


CLOISTERED     AECHES. 


88.  In  the  cloistered  arch,  shown  in 
plan,  in  Fig.  20,  AB,  BD,  DC  and  CA,  are 
straight  lines,  whilst  EF  is  a  simple  arch 


a 

E 

iH                    y^\ 

Fig.  20 

of  span  EF,  and  rise  equal  to  the  height 
of  the  crown  at  G  above  the  springing. 
AD  and  BC  are  the  groins,  forming  the 
reentrant  angles  on  which  the  smaller 
arcs,  as  ab,  be,  cd,fg,  etc.,  meet  with  an 
inclined  tangent.  Thus  ab  is  precisely 
similar  in  form  to  the  part  EH  of  the 
full  center  arch  EF.  The  elements  be  or 
fb  are  thus  horizontal.  Now  the  thrust 
at  the  crown  G  of  the  simple  arch  EF  of 
small  width,  is  horizontal,  and  is  com- 
puted as  for  a  simple  arch.  The  arcs  ab 
and  eel  sustain  at  b  and  c  horizontal 
thrusts  communicated  through  the  hori- 
zontal element  be.  When  the  centers 
are  struck,  the  tendency  to  fall  causes 
pressure  on  the  voussoirs  in  four  direc- 
tions, j_  and  ||  AB,  so  that  the  ele- 
ments, as  be  and  bf  of  the  cylinders  sus- 
tain a  uniform  horizontal  compression  in 
the  directions  be  and  bf,  and  the  vous- 
soirs composing  these  elements  sustain 
likewise  an  inclined  thrust  (except  at  the 
groins,  where  it  is  horizontal),  in  a  direc- 
tion perpendicular  to  the  elements,  whose 
amount  is  easily  determined  by  the  meth- 
ods affecting  simple  arches. 

89.  If  the  above  hypothesis  be  granted, 
it  becomes  an  easy  question  to  investi- 
gate the  stability  of  a  cloistered  arch  and 
its  abutments,  one  of  which  is.  shown  at 
AIJC. 

Thus  divide  EG  into  any  number  of 
equal  parts,  and  find  by  usual  methods 


the  weights  and  the  positions  of  their 
centers  of  gravity,  from  the  springing 
AC  to  any  joint,  in  place  of  from  G  to 
the  joint,  as  hitherto. 

Part  of  the  table  made  out  then  di- 
rectly applies  to  each  partial  arc,  as  ab. 
On  the  elevation  of  the  semi-arch  EG 
and  of  each  partial  arch,  as  ab,  pass 
curves  of  pressures,  lying  within  the 
middle  third,  if  possible;  assuming  the 
horizontal  thrust  at  the  top  of  the  arch 
at  the  upper  middle  third  limit  as  a  first 
trial  for  the  arc  EF.  With  the  tables 
made  out  as  above,  the  resultant  at  the 
abutment  must  be  combined,  in  turn, 
with  the  weights  from  the  abutment  to 
the  joint  considered,  to  find  the  centers 
of  pressure  on  those  joints. 

We  thus  find  the  various  horizontal 
thrusts,  acting  at  the  groins  CG  and  AG 
in  a  direction  J.AC.  On  multiplying 
each  of  these  thrusts  by  its  vertical 
distance  above  the  springing,  and  divid- 
ing the  result  by  the  sum  of  thet thrusts, 
we  find  the  vertical  distance  above  the 
springing  at  which  the  resultant  of  the 
horizontal  thrust  T,  of  the  part  AGC 
acts.  Similarly,  find  the  horizontal  dis- 
tance to  the  resultant  of  the  vertical 
forces,  P  acting  on  the  part  AGC;  this 
resultant  representing  the  weight  of 
AGC.  On  combining  these  resultants, 
T  and  P  acting  in  the  vertical  plane  EG, 
with  the  weight  of  the  abutment,  as 
shown  in  Fig.  18,  we  ascertain  whether 
the  center  of  pressure  on  the  base  of  the 
abutment  falls  within  proper  limits. 
Since  the  arc  EF  causes  the  greatest 
thrust,  unless  the  abutment  is  made  to 
act  as  one  piece,  as  supposed  above,  its 
width  should  vary,  being  greatest  at  E 
and  diminishing  to  nought,  theoretically, 
at  C;  the  intermediate  widths  being 
found  in  the  usual  manner  from  the 
thrusts  of  the  partial  arches  resting 
there.  When  the  backing  of  the  arches 
can  resist  a  horizontal  thrust,  the  curve 
of  pressures  for  the  smaller  arches  may 
be  assumed  (for  safety  in  designing  the 
abutment)  to  pass  through  the  centers  of 
the  joints  at  the  summit  and  abutment, 
or  even  lower  at  the  summit  and  higher 
at  the  abutment;  especially  if  the  stones 
are  not  cut  to  fit  snugly. 

The  writer  has  not  met  hitherto  with  a 
proper  solution  of  either  the  groined  or 
cloistered  arch,  and  therefore  commends 
the  above  to  the  attention  of  engineers. 
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DOMES. 

90.  The  soffit  of  the  dome  will  be  sup- 
posed to  be  generated  by  revolving  a 
curve  about  the  vertical  line  representing 
the  rise  of  the  arch  called  the  axis,  so 
that  every  horizontal  section  of  the  soffit 
is  a  circle.  The  extrados  may  be  gener- 
ated by  revolving  a  similar  curve  or  any 
other  figure  about  the  axis.  If  we  pass 
two  meridian  planes,  making  a  small 
angle,  <p  with  each  other,  through  the 
axis,  we  cut  from  the  dome  and  backing, 
if  any,  a  solid  FC,  Fig.  21,  being  a  part 


Fig.  21 

of  a  wedge-shaped  figure  whose  soffit  is 
a  lune.  This  solid,  for  want  of  a  better 
name,  we  shall  call  a  lune  solid. 

Now  pass  conical  joints,  perpendicular 
to  the  soffit,  at  certain  distances  apart: 
the  part  of  the  dome  proper,  as  DE, 
lying  between  any  two  conical  joints, 
will  be  called  a  crown. 

91.  We  shall  introduce  the  discussion 
by  a  quotation  from  Dr.  Scheffler.* 

"The  authors  who  have  treated  the 
question  of  domes  (Navier:  Resume  ties 
lecons  sur  V application  de  la  mecanique, 
parti,  No.  349;  Eondelet:  Art.  de  bdtir, 
liv.  ix,  sect,  vi,  chap,  ii,  etc,)  have  com- 
monly divided  the  dome  into  lune  solids 
(as  defined  above),  and  apply  afterwards 
to  these  solids  the  same  principles  as  to 
simple  arches  with  vertical  loads  and 
horizontal  thrusts.  Now  this  view  is 
entirely  erroneous.  It  does  not  make 
known  the  influence  of  the  forces  which 
acts  upon  an  arch  of  this  character,  and 
it  implies  this  condition,  impossible  to 
realize ;  that  the  materials  sustain  at  the 
summit  a  finite  thrust  upon  an  edge 
infinitely  small. 

"It  is  necessary,  on  the  contrary,  to 
divide  the  dome  ABC,  Fig.  21,  into 
crowns,  (as  defined  above),   DE  resting 


*  "Theorie  der  Gewolbe  ; 
'  Theorie  Des  Voutes,  &c." 


also  a  French  translation, 


on  the  inclined  bases  of  cones  of  revolu- 
tion. 

"It  is  proper  first  to  examine  the  con- 
ditions of  equilibrium  of  such  a  crown ; 
which  can  moreover  form  the  superior 
part  of  a  dome  open  above. 

"There  are  developed  in  these  crowns 
horizontal  pressures  q,  q,  whose  direc- 
tions are  normal  to  the  joints  of  the 
crown,  and  more  intense  in  the  upper 
than  in  the  lower  crowns. 

"When  we  afterwards  consider  the 
lune  solid  CF,  limited  by  meridian  planes, 
it  is  necessary  to  combine  the  two  forces 
q,  q  into  a  single  horizontal  force  Q, 
acting  outwards.  It  is  necessary  in  all 
cases  that  the  horizontal  thrust  at  the 
upper  joint  may  be  null. 

"  This  is  evident  for  an  open  dome ; 
for  the  dome  closed  at  top,  which  is  only 
a  particular  case  of  the  open  dome,  it  re- 
sults from  the  fact,  that  the  surface  of 
the  joint  at  the  summit  reduces  to  a  line, 
which  cannot  support  a  finite  pressure." 

92.  Let  Fig.  22  represent  a  lune  solid 
of  the  dome  considered,  and  let  Pl5  P2, 


P3,  P4,  laid  off  in  order  on  the  vertical 
line  Pj  P4,  represent  the  weights"  of 
voussoirs  1,  2,  3,  1,  respectively,  with 
their  loads.  Let  us  assume,  for  the 
present,  that  the  forces  q.  q,  of  the  pre- 
ceding figure  act  at  the  centers  of  the 
voussoirs ;  so  that  the  forces  Ql9  Q„  .  .  , 
act  throng-h  the  centers  of  their  corre- 
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sponding  voussoirs,  1,  2,  ...  ,  and  hori- 
zontally to  the  left  in  Fig.  22. 

Now  the  horizontal  thrust  at  joint  o  is 
null.  The  weight  Px  of  the  first  voussoir 
and  load,  acts  through  a  and  does  not 
meet  joint  1,  so  that  there  is  no  stability 
unless  the  "  crown  "  including  this  vous- 
soir, in  tending  to  fall,  exerts  a  horizontal 
pressure.  The  resultant  Qx  of  the  press- 
ures exerted  on  both  sides  of   voussoir 

1  should  be  so  great  that  when  combined 
with  PI?  the  resultant  shall  cut  the  joint 
to  which  it  refers,  and  make  with  the 
normal  to  this  joint  an  angle  not  less 
than  the  angle  of  friction.  These  two 
conditions  hold  for  every  joint.  If  no 
joints  open  the  resultants  will  lie  in  the 
middle  third.  Now  if  QT  be  made  so 
large  that  a  line  drawn  through  a  ||  Sx 
the  resultant  of  P,  and  Q]5  satisfies  the 
above  conditions,  the  point  where  it  cuts 
joint  1  may  be  regarded  as  a  possible 
center  of  pressure. 

If  the  above  conditions  are  not  satis- 
fied for  an  assumed  value  of  Ql5  Qx  must 
be  increased. 

Now  extend  the  line  through  a,  just  drawn 
to  intersection  with  the  vertical  through 
the  center  of  gravity  of  the  second  vous- 
soir and  load,  whose  weight  is  P2 ;  from 
this  point  draw  a  parallel  to  R2,  the  re- 
sultant of  S,  and  P2,  and  extend  it  up- 
wards to  intersection  b,  with  the  horizon- 
tal through  the  center  of  the  second 
voussoir  along  which  Q2  acts.  On  draw- 
ing through  b  a  line  to  some  point  on 
joint  2 ;  a  parallel  to  it,  in  the  force  dia- 
gram, gives  Ss,  and  cuts  off  Q„,  as  shown 
in  the  figure.  As  before,  if  S2  does  not 
make  an  angle  with  the  normal  to  joint 

2  less  than  the  angle  of  friction,  Q„  must 
be  increased  and  the  line  through  b  made 
parallel  to  S2  thus  found.  Similarly  we 
proceed  for  other  joints,  until  finally  we 
get  to  a  joint,  as  3,  below  which  no  more 
forces  of  the  type  Q  are  needed  to  pre- 
vent the  resultants  on  succeeding  joints 
from  falling  beloio  certain  limits.  The 
part  of  the  lune  solid  below  joint  3, 
called  the  "joint  of  rupture"  thus  acts 
as  any  simple  arch ;  therefore  we  deter- 
mine the  resultant  on  joint  4  by  combin- 
ing S„  and  P4 — i.  e.,  by  drawing  through 
d  a  jDarallel  to  R4  of  the  force  diagram, 
the  resultant  on  joint  4,  to  intersection 
with  that  joint. 

Similarly,  if  we  combine  the  resultant 
S3  on  joint  3  with  the  weight  of  the  en- 


tire abutment,  we  find  the  centre  of  press- 
sure  on  joint  5,  which  should  lie  within 
the  middle  third. 

It  will  be  observed  that  the  resultants 
on  joints  1,  2,  3,  ...  ,  are  represented  in 
magnitude  and  direction  by  the  lines  S,, 
S2,  .  .  .  ,  of  the  force  diagram,  and  in  po- 
sition by  the  arrow  heads  on  the  drawing 
of  the  arch. 

The  scale  of  the  arch  ring  should  be 
as  large  as  can  conveniently  be  drawn, 
since  the  lines  determining  the  directions 
of  the  resultants  are  very  short,  and  can- 
not be  well  shown  on  the  small  diagram. 
On  that  account,  the  preceding  direc 
tions  have  been  made  full  to  conduce  to 
clearness. 

93.  Schefner  now  says,  in  effect,  that 
if  the  voussoirs  were  absolutely  incom- 
pressible, Q]}  Q2,  .  .  .  should  each  in  turn 
be  the  least  that  will  cause  stability  and 
should  therefore  pass  through  the  upper 
edges  of  joints  0,  1,  2,  ...  ;  and  the  re- 
sultants S,,  S2,  .  .  .  should  pass  through 
the  lower  edges  of  joints  1,  2,  etc.,  if  the 
conditions  affecting  sliding  are  fulfilled. 
(On  this  point,  see  art.  106.) 

But  we  know  that  actual  voussoirs  are 
compressible,  so  that  if,  as  is  usual,  the 
actual  resultant  on  the  springing  joint 
passes  to  the  left  of  the  center,  the  outer 
edge  is  most  compressed,  and  to  allow 
this  the  haunches  must  spread  and  the 
top  of  the  arch  descend,  so  that  about 
joint  3  the  line  of  pressures  passes  be- 
low and  at  the  top,  above  the  center 
line.  This  is  all  the  more  evident  if  the 
springing  joint  opens  at  the  inner  edge. 
In  the  previous  figure,  the  forces  S,,  S2, 
.  .  .  ,  were  drawn  through  the  lower  mid- 
dle third  limits.  Now,  if  a  dome  acts 
like  a  stone  bridge  in  a  lowering  of  the 
crown,  it  would  seem  that  the  line  of 
pressiu*es  there  should  he  above  the  cen- 
ter, so  that  its  most  probable  position  is 
at  the  upper  middle  third  limit  at  the 
crown,  and  at  the  lower  middle  third 
limit  at  the  joint  of  rupture,  if  the  line 
of  pressures  can  just  be  inscribed  in  the 
inner  third  of  all  the  joints  from  the 
crown  to  the  foundation  of  the  abut- 
ment. When  the  line  of  pressures  can. 
be  drawn  within  narrower  limits,  it  is 
probably  so  confined  actually. 

An  illustration  of  this  view  is  given  in 
article  105  following,  which  see. 

It  is  plain  that  the  forces  g,  q  do  not 
necessarily  act  at  the  centers  of  the  vous- 
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soirs,  as  assumed.  Their  positions  are 
indeterminate.  Their  least  values  for 
the  same  crown,  consistent  with  no  joint 
opening,  corresponds  to  positions  on  the 
upper  middle  third  limit,  distant  ^  width 
voussoir  from  upper  joint;  their  greatest 
values  correspond  to  the  lowest  limiting 
positions. 

As  it  is  the  object  of  the  investigation 
to  ascertain  if  the  proper  thickness  of 
the  arch  ring  and  abutment  have  been 
chosen,  it  is  well  to  err  on  the  safe  side 
in  oiir  hypotheses.  In  testing  the  sta- 
bility of  the  abutment,  it  seems  best  to 
consider  Ql5  Q2,  .  .  .  ,  as  acting  at  the 
centers  of  the  voussoirs ;  the  resultants 
Sj,  S„,  .  .  .  ,  at  the  centers  of  the  joints. 
The  latter  hypothesis  implies  a  uniform 
compression  on  the  joints  down  to  the 
joint  of  rupture;  whereas,  in  fact,  the 
line  of  pressures,  as  explained  above, 
must  pass  below  the  center  at  this  joint, 
giving  generally  a  less  total  horizontal 
thrust. 

As  a  modification  of  the  above  hypoth- 
esis, we  may  assume  that  the  resultants 


S,,  S„ 


are  tangent  to  the   center 


line,  from  the  crown  to  the  joint  of  rup- 
ture. It  will  be  found  that  this  involves 
raising  Qx,  Q2,  .  .  ,  slightly  above  the  cen- 
ters of  the  voussoirs.  The  construction 
is  much  simplified  by  this  assumption 
which  will  be  illustrated  more  fully  in 
Art.  100. 

94.  Prom  the  definitions  of  arts.  90 
and  91,  and  a  plan  of  a  voussoir  bounded 
by  the  two  meridian  planes  whose  in- 
cluded angle  in  arc  is  </',  and  which  is 
solicited  by  the  two  horizontal  forces 
q,  q,  (acting  perpendicular  to  its  vertical 
faces),  whose  resultant  is  Q,  we  have, 

^Q=2  sin  \4>. 

If  a=half  span,  and  s= horizontal 
width  of  voussoir  at  the  springing,  then 
ct(p=e.  When  the  angle  <p  is  small,  i.  e., 
when  €  is  made  small  enough,  we  have 
from  the  above  equation, 

from  which  qi:  q2, .  .  can  be  computed,  as 
soon  as  Q1?  Q2,  are  found  by  the  con- 
struction above. 

95.  Numerical  Example. — Let  us  take 
the  half  span  (Fig.  22)  equal  to  9.42,  the 
depth  of  arch  ring  0.94;  and  let  the 
inclined  line  fg  limit  the  load,  the  point 


f  being  12.24  above  the  center  e  of  the 
soffit,  and  g,  1.98  lower  than  f  The 
radius  fk= 1.86.  Now  divide  the  hori- 
zontal hk  into  six  parts,  each  1.26  wide, 
in  place  of  three  as  before ;  drop  verticals 
through  the  points  of  division,  and  from 
their  intersection  with  the  extrados  draw 
the  joints  0  to  6.  We  shall  suppose 
approximately  that  the  figures  so  formed 
are  trapezoids,  whose  area  equals  the 
mean  height  multiplied  by  the  width. 

But  now  each  trapezoidal  solid,  includ- 
ed between  the  two  meridian  planes,  has 
a  different  thickness.  Since  the  plan  of 
the  solid  cut  from  the  dome  by  the  two 
meridian  planes  is  a  triangle,  if  we  call  its 
thickness  at  the  middle  of  the  springing 
joint  1,  we  find  the  thickness  at  the  other 
mean  verticals  by  multiplying  1  by  the 
ratio  of  the  horizontal  distance  of  the 
mean  vertical  from  ef  to  the  radius  of  the 
center  of  the  springing  joint  about  ef. 
By  regarding  each  trapezoidal  solid  as 
having  the  thickness  at  its  mean  vertical, 
we  introduce  an  error  which  diminishes 
indefinitely  with  <p,  and  can  thus  be  made 
as  small  as  we  please. 

In  the  following  table,  column  (1) 
refers  to  the  joint,  column  (2)  gives  the 
height  of  the  trapezoidal  solid,  column 
(3)  its  width,  column  (4)  its  thickness, 
and  column  (5)  their  product  represent- 


ing 

the  forces  Pt,  P2, 

(1) 

(2) 

(3) 

(4) 

(5) 

1 

2.65 

1  26 

.25 

Pi 

0.83 

2 

2.83 

1.26     j 

.38 

P, 

1.35 

3 

3.23 

1.26 

.50 

Ps 

2.03 

4 

3.92 

1.26 

.63 

P., 

3.11 

5 

5.03 

1.26 

.76 

Pfi 

4.82 

6 

7.05 

1.26     i 

.89     1 

Pfi 

7.90 

7 

10.99 

0V94     j 

1.00 

Pr 

10.33 

The  volumes  of  the  voussoirs  and  loads 
can  be  exactly  determined  by  the  princi- 
ple of  Guldinus  (see  Weisbach's  "  Me- 
chanics," Coxe,  Vol.  1,  p.  126),  that  the 
contents  of  a  solid  of  rotation  is  equal  to 
the  product  of  the  generating  surf  ace 
and  the  space  described  by  its  center  of 
gravity  while  generating  the  body. 

For  greater  accuracy  the  voussoirs  and 
loads  may  be  considered  separately,  and 
their  common  center  of  gravity  and  vol- 
ume found  by  combining  them  after- 
wards. 

The  above  principle  we  shall  use  in 
some  subsequent  constructions. 
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The    construction    is   now   proceeded 
■with  exactly  as    described   for   Fig.   22,  j 
which  is  in  fact  a  drawing  to  these  di- 1 
mensions. 

The  induced  forces  QT,  Q„,  .  .  .  ,  were 
conceived  to  pass  through  the  centers  of 
the  voussoirs.  The  resultants  S,  S2,  .  .  .  , 
on  the  joints  were  made  first  to  pass 
through  the  lower  middle  third  limits, 
and  afterwards  through  the  center  of 
those  joints.  In  both  cases  the  joint 
marked  3  in  Fig.  22  was  the  joint  of 
rupture:  the  resultant  on  the  springing 
joint,  in  the  first  instance,  coinciding 
with  the  resultant  as  drawn  in  Fig.  22 ; 
in  the  last  case  passing  nearly  through 
the  extrados.  The  total  horizontal 
thrust  in  the  first  case=7.75;  in  the  last, 
8.13.  If  we  take  the  width  of  abutment 
at  3,  its  height  above  the  springing  10.99, 
its  depth  below  it  7.01;  its  mean  thick- 
ness is  — '—  =1.1,  and  its  total  volume, 

including  a  part  of  the  arch  is  3  X 18  X  1.1 
=  59.4:  which  combined  with  the  result- 
ant S6  on  the  joint  marked  3  in  Fig.  22 
cuts  the  base,  for  the  first  case  noted 
above,  only  0.05  outside  of  the  middle 
third,  in  the  last  case  0.18  outside. 

The  force  Q„=2.3  is  the  largest  of  the 
forces  Ql5  Q2,  .  .  .  ,  whence  by  art.  94, 

tf=-Qo=9.9x  2.3=22.77  cubic  units  of 

2     e 

stone.  The  force  q  acts  on  an  area  of 
1.22  square  units.  There  is  evidently  no 
danger  of  crushing  from  the  horizontal 
thrust  around  the  second  crown  from  the 
top,  as  stone  will  bear  on  a  square  unit  a 
pillar  of  a  square  unit  section  and  several 
thousand  units  high.  Similarly  for  the 
resultants  on  all  the  joints.  We  con- 
clude that  with  the  backing  used,  or  by 
increasing  the  depth  of  arch  ring  at  the 
springing  about  one-third,  the  arch  will 
be  stable.  A  very  slight  increase  in  the 
width  of  abutment  will  prevent  any  joint 
from  opening. 

In  the  preceding  example  any  unit  of 
length  may  be  taken,  as  foot,  meter,  etc. 

96.  We  took  the  thickness  of  voussoir 
at  springing  as  unity.  Since  <p  should  be 
a  very  small  angle  for  greater  accuracy 
in  the  assumptions  about  center  of 
gravity  and  the  values  of  q,  etc.,  it  may 
be  thought  that  the  thickness  is  too 
great.  But  since  multiplying  the  weights 
of  voussoirs  and  abutments  by  the  same 


quantity  does  not  change  their  ratios, 
the  thickness  taken  is  really  immaterial 
except  in  finding  q,  since  the  centers  of 
gravity  are  assumed  to  he  in  the  same 
verticals  on  the  vertical  jurojection  of  a 
medial  meridian  section,  no  matter  what 
the  thickness  may  be. 

In  truth,  the  assumption  about  the 
position  of  the  center  of  gravity  of  a 
voussoir  and  load  is  more  nearly  realized 
when  the  thickness  is  appreciable. 

97.  When  the  soffit  and  exterior  sur- 
face of  the  dome  are  both  surfaces  of 
spheres  having  the  same  center  A  (Fig. 
23),   the   volumes   of   the  voussoirs  are 


Fig,  23 


easily  obtained.    Thus  let  r= AD = radius 
of  outer  sphere ;  one  half  its  volume  is 

|tzt8.     The   wedge   ABCD  is   -  of  this 
volume,  if  BC  is  -    of  the  circumference 


2tzt 


volume  of  wedge  ABCD; 
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Now  divide  the  altitude  AD  into  m 
equal  parts  (2  in  the  Fig.)  and  pass  hori- 
zontal planes  through  the  points  of  di- 
vision; the  siu-face  of  the  lune  BCD  is 
divided  into  m  equal  parts,  by  geometry, 
and  the  pyramids  formed  on  these  parts, 
as  bases,  with  the  center  of  the  sphere  as 
the  common  vertex,  are  therefore  equal. 

The   volume   of   such   a   pyramid,    as 

2tt?-3 
A— BCEF,  is  consequently,  - — . 

Smn 

Similarly  the  volume  of  a  pyramid  of 

the  sphere,  whose  radius,  r'=A<r?  is  that 

of  the  soffit,  and  which  is  bounded  by 

the  same  planes  as  any  one  of  the  pre- 

2/rr'3 
ceding  pyramids   is,  -^ ,  since   these 

pyramids,  as  Abcef,  are  diminished 
images  of  the  preceding  ones;  eveiy 
corresponding  line  being  diminished  in 
the  ratio  of  r'  to  r.     It  follows  that  if 
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horizontals  are  drawn  through  the  ends 
f,  .  .  .  ,  of  the  edges  of  the  second  set  of 
pyramids,  they  will  divide  the  distance 
Ad  into  m  equal  parts.  The  same  holds 
for  similar  pyramids  of  any  sphere;  so 
that  if  the  center  line  of  the  arch  ring  on 
the  sectional  elevation,  as  de  in  Fig.  24, 


Fig.  24 


Smn 


is  divided  into  equal  parts  and  horizon 
tals  be  drawn  through  the  points  of  divi- 
sion to  de  and  the  joints  be  drawn 
through  the  latter  points  and  the  center 
of  the  sphere,  the  voussoirs  so  formed 
are  all  equal  in  volume. 

Kecurring  to  Fig.  23,  we  see  that  the 
volume  of  the  voussoir  Be  =  difference  in 

volume    of     the     two     pyramids = 

(r3-r'3). 

98.  In  the  open  dome  however,  as  Fig. 
24,  it  is  not  always  convenient  to  divide 
the  rise  ac  into  such  equal  parts  that 
certain  of  the  points  of  division  will  lie 
on  the  horizontals  through  d  and  e.  We 
proceed  then  as  follows:  By  geometry 
the  area  of  the  zone  formed  by  revolving 
an  arc  as  rs  (Fig.  24)  about  the  rise  ac  is 
equal  to  the  altitude  h  of  rs  multiplied 
by   2nr,  r  being   the   radius   as  of   the 


sphere.     Pass  now  two  meridian  planes 

through  ac,  whose  included  angle  is — 

of   a   circumference.      The   part   of  the 
zone  included  between  them  has  an  area 

;  so    that  the  pyramid   formed   on 

this  base  with  a  vertex  at  a,  has  a  volume 
2  nr*h 


3n 

Similarly  the  pyramid  having  the  part 

of  the  zone  represented  by  tv  as  a  base, 

27rr'2A' 
has  a  volume,  — where  r'=radius  at 

and   h' = altitude    of   arc   tv.     Therefore 
the  volume  of  the  voussoir  rstv  included 
between   the   meridian    planes   and   the J 
conical  joints  rv  and  st  is, 

Y=  —  (r°h-r"h') 
3n 

where  r  and  h  are  the  radius  and  altitude 
of  the  exterior  arc,  r'  and  ti  of  the  interi- 
or. As  before  shown,  if  the  altitudes  of 
the  type  h  are  made  equal  in  successive 
arcs,  the  values  h'  will  all  be  equal.  The 
divisions  into  equal  altitudes  can  best  be 
made  along  the  center  line  in  conse- 
quence of  what  follows. 

99.  Let  us  refer  again  to  the  inner 
dome  de  (Fig.  24). 

If  we  pass  horizontal  planes  midway 
between  the  horizontals  drawn,  also  pass 
conical  joints  through  their  intersection 
with  the  center  line  de,  we  divide  the 
previous  voussoirs  exactly  in  half,  so  that 
the  centers  of  gravity  of  the  first  vous- 
soirs lie  on  these  supposed  intermediate 
conical  joints.  They  also  he  nearly  on 
the  center  line  de,  and  the  error  of  so 
regarding  them  can  be  made  as  small  as 
we  choose  by  sufficiently  diminislu'rig  c'-, 
the  angle  included  between  the  two  me- 
ridian planes  and  the  height  of  voussoir. 

The  centers  of  gravity  of  the  voussoirs 
will  therefore  be  assumed  to  be  on  the 
center  line  of  the  elevation  of  the  me- 
dial meridian  section  de,  at  the  intersec- 
tions of  the  horizontals  drawn  midway 
between  the  first  horizontals  drawn  that 
divide  be  into  equal  parts. 

100.  Fig.  24  represents  a  meridian 
section  of  the  Church  of  St.  Peter,  at 
Rome.  The  dimensions  given  by  Seheff- 
ler,  as  I  understand  them,  are  as  follows : 

The  radius  of  the  soffit  is  72  feet,  and 
of  the  outer  surface,  as  =  S3.S.     At  31 
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feet  above  the  springing,  the  structure  is 
composed  of  two  domes,  the  outer  hav- 
ing a  thickness  of  2.6  feet,  the  inner  be- 
ing 4.1  thick  at  d  and  5.1  at  e,  so  that 
the  center  line  de  is  described  from  a 
center  slightly  below  a  on  the  vertical 
ac  produced.  The  dome  has  an  opening 
at  toj)  12.4  radius,  and  the  lantern  sup- 
ported at  the  top  is  equivalent  in  weight 
to  a  block  of  stone  2.1x56.6,  of  which 
the  outer  shell  supports  one-third  and 
the  inner  two-thirds.  The  first  voussoir 
at  the  top,  in  both  shells,  is  made  2.1, 
horizontal  width ;  the  altitude  of  the  cen- 
ter hue,  be,  for  the  part  de,  is  then  di- 
vided into  8  equal  parts  and  the  joints 
drawn  as  in  the  figure,  a  similar  con- 
struction applying  to  the  outer  shell. 
The  part  below  the  two  shells  is  similarly 
divided  into  3  equal  parts.  Applying 
the  formula  just  deduced  in  Article  98, 
measuring  the  altitudes  on  a  draw- 
ing to  a  scale  of  4  feet  to  the  inch, 
we  find  the  volumes  of  the  voussoirs  like 

27T 

rstv,  -—  28696,  the  voussoirs  of  the  outer 
on 

2i7t 

shell,—    3957,  except  the  top  one,  whose 


.         .    2tt 

volume  is  -— 

on 


359.  cubic  feet.     The  vol- 


ume  of  the  top   voussoir   of  the   inner 

shell  is  „  -  501  cubic  feet.    The  voussoirs 
on 

2  to  9  of  the  inner  shell,  were  each,  in 

turn,  asaumed  to  have  an  outer  surface 

concentric  with  the  soffit,  of  radii  equal 

to  the  mean  radii  of  the  outer  surface  for 

the  voussoir  considered,  i.e.,  equal  to  72 

+    mean  thickness  in  feet   of  voussoir. 

We  thus  find  the  volumes   of  voussoirs 

2tt 
2  to  9  equal  to  the  constant  —  multiplied 

in  turn  by  4695,  4805,  4915,  5000.  5124, 

5206,  5267  and  5400. 

The  volume  of  the  lantern,  by  the  law 

of  Guldinus  (art.  95)  =  2.1   X    56.6   X 

2?rxl3.45     2tt 

— =<c—  4794,  one-third  of  which 
n        n  on 

is  added  to  the  volume  of  voussoir  1  of 
outer  shell  and  two  thirds  to  that  of 
voussoir  1  of  the  inner  shell.  The  part 
fgh,  10.3  wide  and  23.7  high,  has  a  vol- 
ume, 10.3x23.7  X^XH^>     2jr   5gg0() 

n  on 

This  part  has  not  the  full  width  of  the 
bottom  voussoirs  as  drawn  in  the  figure. 


We  now  lay  off  on  vertical  lines,  the 
weights  just  found,  omitting  the  common 

constant  — . 
on 

The  loads  affecting  the  outer  shell  are 
laid  off  to  its  left ;  those  pertaining  to 
the  inner  shell  just  below  its  center 
about  (not  shown  in  figure). 

To  be  on  the  safe  side,  we  shall  assume 
that  the  residtants  on  the  joints  from  the 
summit  to  the  joint  of  rupture  are  tan- 
gent to  the  center  line  of  the  ring.  Thus 
for  the  outer  shell,  draw  through  the 
points  1,  2,  inches,  of  the  force  lines, 
parallel  to  tangents  to  the  center  hue  at 
joints  1,  2,  .  .  .  (or  j_  to  radii).  These 
lines  cut  off  successive  distances  on  the 
horizontal  through  o,  equal  to  the  radial 
forces  Ql}  Q2,  .  .  .  exerted  by  the  suc- 
cessive crowns  1,  2,  .  .  . 

We  find  that  below  joint  6  there  is  no 
longer  a  radial  force  needed;  so  that  be- 
low that  joint  the  curve  of  pressures  is 
continued  to  joint  9  as  in  a  simple  arch. 

Similar  results  were  found  for  the 
inner  shell.  The  centers  of  pressure  on 
joints  9  of  the  outer  and  inner  shells  are 
at  the  outer  middle  third  limit  for  the 
outer  shell,  and  slightly  above  the  cen- 
ter line  for  the  inner  shell.  This  neces- 
sitates spreading  about  joints  6,  so  that 
the  line  of  pressures  there  is  below  the 
center  line,  so  that  the  actual  horizontal 
thrust  is  less  than  estimated,  as  stated 
above. 

Now  combining  the  resultants  at  joint 
9  into  one,  laying  off  x9  equal  and  paral- 
lel to  it,  its  position  being  found  by  mo= 
ments,  we  continue  the  line  of  pressures 
as  per  dotted  line  to  joint  hg.  The  suc- 
cessive volumes  of  voussoirs  are  laid  off 
on  the  force  line  9  ...  13.  This  second 
force  diagram  is  drawn  to  a  smaller  scale 
than  the  preceding. 

101.  At  joint  hg  this  line  of  pressures 
passes  outside  the  joint  so  that  the  dome 
cannot  be  regarded  as  sufficiently  stable 
in  itself.  If  rotation  occurs  the  hue  of 
pressures  would  approach  the  extrados 
at  the  summit,  the  intrados  at  the  joints 
of  rupture  and  the  extrados  at  joint  hg. 

By  encircling  the  dome  just  above  the 
springing  by  a  band  of  iron  of  sufficient 
cross  section,  stability  may  be  assured. 
The  band  may  be  applied  'above  the 
springing  if  desired.  It  evidently  is 
much    less   effective   in   preventing    de 
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formation  of  the  dome  if  applied  below 

the  springing  as  was  done  in  this  case. 

The  total  horizontal  thrust  of  the  hine 

solid    (being— - —  X   the  horizontal  corn- 


s' 


2?r 


ponent  of  x9)  is  Q=39600  -g— =132000 

cubic  feet  of  stone = 924.  ^tons,  if  we  put 
the  weight  of  a  cubic  foot  of  stone  at 
157  lbs.  =.07  ton. 

If  this  is  to  be  entirely  destroyed  by 
the  iron  band,  so  that  the  resultants 
below  the  springing  will  all  be  vertical, 
we  have  the  strain  on  the  band  by  art.  94, 
when  (p  is  small 

<7= -  =  924  tons. 
U     <P 

Now  iron,  exposed  to  a  dead  strain 
alone,  may  safely  be  subjected  to  a  strain 
of  1\  tons  per  square  inch;  so  that  the 
bar  may  have  a  cross  section  of  123 
square  inches. 

If  the  iron  stretches  j2qoo  of  its 
length  for  every  ton  per  square  inch, 
the  ring  whose  diameter  is  168  feet  will 
elongate  0.33  feet,  so  that  the  diameter 
is  increased  0.04  feet.  There  will  conse- 
quently be  a  slight  deformation  of  the 
arch,  in  consequence  the  top  of  the  abut- 
ment moves  slightly  outwards,  and  the 
pressure  on  its  base  is  not  generally 
vertical;  i.  e.,  the  iron  band  has  not 
totally  destroyed  the  horizontal  thrust. 
The  action  of  the  band  is  like  that  of  a 
radial  force  acting  inwards  and  equal,  or 
nearly  equal,  to  the  total  horizontal 
thrust. 

If  the  hoop  encircles  the  dome  just 
below  the  springing  of  the  two  shells,  it 
will  prevent  deformation  of  the  arch 
also ;  for  there  can  be  no  spreading  out- 
wards at  this  point,  any  tendency  that 
way  being  met  by  the  resistance  of  the 
hoop,  which  thus  supplies  sufficient  hori- 
zontal force  to  force  the  line  of  pressures 
below  it  to  keep  within  the  joint  areas  a 
certain  distance,  dependent  upon  the 
spreading  of  the  arch  at  the  hoop.  If 
this  spreading  is  inappreciable,  then  the 
hoop  exerts  force  enoiigh  to  restrain  the 
line  of  pressures  to  the  centers  of  the 
joints  nearly  below  it. 

There  is  therefore  no  necessity  in  the 
voussoir  dome  for  additional  hoops  below 
the  first,  unless  the  first  is  unable  to 
destroy  the  outward  thrust.  The  prob- 
lem is  then  really  indeterminate  of  ascer- 


taining the  precise  amounts  of  the 
strains  sustained  by  the  several  hoops. 
The  one  nearest  the  joint  of  rupture  of 
course  will  sustain  by  far  the  greatest 
part;  the  hoops,  at  joints  where  no 
spreading  would  occur,  if  they  were  not 
applied,  not  sustaining  any.  The  results 
ants  on  the  abutment  joints  cannot  ap- 
proach the  outer  limits  without  the  top 
of  abutment  moving  outwards ;  as  this  is 
prevented  by  the  top  hoop  principally,  it 
is  evident  that  the  one  hoop  should  be 
placed  not  far  below  the  joint  of  rupture. 
It  would  seem  best  to  make  these  hoops 
of  steel  as  it  does  not  stretch  as  much  as 
iron.  Wire  cables  with  a  means  of  tight- 
ening would  be  especially  convenient. 

102.  We  see  that  the  thrust  of  the  type 
Q  is  greatest  on  voussoirs  1  of  both  shells. 
Thus  for  outer  shell,  Qx 

=  16900  4-- =5633  <p 

Thus  for  inner  shell,  Q1  =  6000  <p, 

which  multiplied  by  .07  gives  the  thrusts 

Q 

in  tons.     By  art.  94,  we  have  ^=— i  or 

394  tons  and  420  tons  respectively. 
Now  voussoir  1  of  outer  shell  has  an 
area  of  6  square  feet;  the  lower  voussoir 
1  an  area  of  10.45  square  feet,  so  that  the 
pressures  per  square  foot  are  66  and  40 
tons  respectively,  which  good  stone  can 
stand  easily. 

The  thrusts  Qx  of  both  shells  is  prob- 
ably less  than  assumed,  for  the  force  dia- 
grams indicate  a  small  value  for  Q„ — in 
fact  for  the  lower  shell  Q,  nearly  vanish- 
es— but  the  compression  around  the  ring 
of  the  first  crown  would  necessarily  bring 
the  second  more  in  action  thereby  in- 
creasing its  thrust.  The  tendency  then 
is  to  equalize  more  nearly  the  values  of 
the  thrusts  Q5l  Q„,  .  .  .  than  as  given  by 
our  construction. 

103.  It  is  evident  that  the  greatest 
economy  is  subserved,  by  the  employ- 
ment of  one  or  more  thin  domes  to  a 
short  distance  below  the  joint  of  rupture, 
as  is  the  practice  generally  in  large  domes. 
One  shell  would  suffice  if  the  weight  of 
lantern  (if  any)  could  be  carried  by  it; 
otherwise  two  or  more  should  be  used. 

104.  The  abutment  below  joint  hg  is 
counterforted  so  as  to  present  a  greater 
width  than  shown  in  the  figure.  The 
introduction  of  the  hoop  of  course  pre- 
vents any  movement  in    it,  so  that  the 
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stability   of  the   whole   structure   is  as- 
sured. 

105.  We  shall  give  now  the  spherical 
dome  closed  at  top  to  illustrate  the  view 
taken  in  art.  93  of  the  position  of  the 
actual  line  of  pressures,  besides  other 
points  not  noticed  before.  This  dome, 
Fig.  25,  has  a  thickness  of  one  fifteenth 
the  span. 


Fig.  25 


Divide  the  altitude  of  the  center  line 
of  the  ling  into  eight  equal  parts,  draw 
horizontals  &c.  as  before.  The  lune 
solid  is  thus  divided  into  eight  equal 
parts  which  lay  off  on  the  force  line 
0  ...  8. 

Now  a  dome  of  this  kind  fails  by 
rotating  about  the  outer  edges  of  joints 
at  the  crown  and  abutment,  and  the 
inner  edges  about  joint  4;  each  lune 
solid  separating  from  the  others  and  act- 
ing as  simple  arches. 

For  a  dome  then  of  small  stability  the 
line  of  pressures  passes  nearly  through 
the  top,  the  intrados  edge  at  joint  4  and 
the  outer  edge  at  joint  8. 

For  a  dome  of  greater  stability  its  po- 
sition depends  upon  the  amount  of 
spreading  at  the  haunches,  and  the  con- 
sequent rocking  at  joint  8.  If  a  line  of 
pressures  can  just  be  inscribed  in  certain 
limits,  equally  distant  from  the  center, 
then  it  is  probable,  from  a  consideration 
of  the  way  in  which  an  arch  settles,  that 
the  actual  line  of  pressures  touches  these 
limiting  curves  towards  the  extrados 
side  at  the  top  and  abutment,  and  next 
the  intrados  side  at  the  joint  of  rupture. 

Now  if  such  a  curve  can  be  inscribed 
in  the  middle  third  no  joints  will  open, 
and  we  may  conclude  that  the  dome  has 
sufficient  stability. 

Draw   an  arc  of   a  circle  throiTgh  the 


upper  hunt  at  the  summit  and  the  lower 
limit  at  joint  4  with  a  center  e  and 
assume  that  this  arc  coincides  with  the 
line  of  pressures  a  certain  distance  from 
the  top,  the  resultants  being  tangent  to 
it. 

Then  at  some  joint  as  2  continue  the 
pressure  line  down  to  the  springing  with 
the  horizontal  thrust  found  at  2.  If  the 
line  so  found  does  not  keep  within  the 
middle  third,  let  it  be  commenced  at  an- 
other joint,  until  one  is  found  that  will 
satisfy  the  conditions.  On  dividing 
voussoir  2  into  four  others,  it  was  found 
that  a  line  of  pressures,  continued  as  for 
a  simple  arch,  from  where  the  arc  above 
cuts  the  upper  joint  of  voussoir  If,  keeps 
almost  entirely  in  the  middle  third,  as 
shown  by  the  dotted  line :  cutting  joints 
4  and  5  at  the  lower  limits  and  joint  8  at 
the  outer  limit. 

This  is  therefore  a  probable  curve  of 
pressures  as  determined  from  considera- 
tions of  how  an  arch  settles. 

106.  The  construction  given  in  art.  93, 
gives  the  lines  of  pressures,  that  begin- 
ning at  the  summit,  first  makes  Q:  a 
minimum,  and  then,  for  the  same  line  of 
pressures  in  order,  Q„,  Q3,  .  .  .  But  this 
does  not  make,  necessarily,  the  total 
thrust,  Q1  +  Q.,  +  .  .  .  ,  in  the  lower  part 
of  the  arch  a  minimum.  In  fact,  this 
total  thrust  determined  in  this  way,  re- 
stricting the  line  to  the  inner  third  is 
found  to  be  ^  to  4-  greater  than  the 
thrust,  determined  as  follows,  that  cor- 
responds to  the  minimum  of  the  total 
horizontal  thrust,  Q, -i-Qji-.  ■  ■  ,  within 
the  limits  taken ;  as  fir»t  given,  in  effect, 
by  Prof.  Eddy,  in  his  "New  Constructions 
in  Graphical  Statics."  Take  the  upper 
middle  third  hmit  as  the  line  of  pressures 
down  to  a  joint  (1|-  in  this  case),  where 
the  horizontal  thrust  may  become  con- 
stant, as  for  a  simple  arch,  the  pressure 
line  below  this  point  remaining  within 
the  inner  third  and  just  touching  the 
inner  limit  at  some  point.  The  line  so 
drawn  coincides  nearly  with  the  first  be- 
low joint  3.  As  mentioned  in  art.  93, 
the  thrusts  Ql5  Q2,  .  .  .  will,  by  this  con- 
struction, be  really  slightly  outside  of 
the  inner  third  limits.  The  point  where 
the  simple  arch  begins  is  higher  than  in 
the  previous  cases.  If  the  center  hue  of 
the  arch  ring  is  assumed  for  the  line  of 
pressiu-es,  a  certain  distance  from  the 
summit  the  joint  of  rupture  is  lowered, 
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i.e.,  a  less  part  of  the  lune  solid  acts  as  a 
simple  arch,  and  the  horizontal  thrust  is 
increased. 

If  the  curve  of  pressures  is  taken  to 
coincide  with  an  arc  starting  at  the  upper 
limit  at  the  crown  as  before,  and  lying 
below  the  previous  arc,  the  thrusts  Qt, 
Q2,  .  .  .  near  the  crown  are  lessened ;  but 
the  total  horizontal  thrust  will  be  greater 
than  as  found  in  art.  105,  as  is  evident. 

Now,  of  all  such  arcs  it  is  impossible 
to  say  which  one,  if  any,  is  the  true  line 
of  pressures,  since  this  is  a  function  of 
the  deformation  of  the  arch. 

It  may  be  remarked  further  that  the 
direction  of  the  thrusts  near  the  summit 
are  most  likely  more  inclined  than  drawn 
above,  since,  by  the  construction  above,  a 
very  small  crown  of  voussoirs  next  the 
summit  exerts  a  comparatively  large 
thrust ;  so  that  the  upper  crown  is  com- 
pressed sufficiently  to  bring  the  next 
crown  more  in  action,  and  so  on  down. 
If  we  divide  voussoir  1  into  four  equal 
ones,  we  find  that  the  circumferential 
thrusts  per  square  unit  on  each  crown 
going  from  the  top  are  proportional  to 
2.5,  2.3,  1.9,  and  1.8  respectively,  so  that 
the  unit  strains  decrease  going  from  the 
summit  as  stated.  It  would  certainly 
give  a  large  stability  to  apply  the  method 
of  art.  100  and  require  that  the  line  of 
pressures  so  drawn  should  keep  within 
the  inner  third  below  the  joint  of  rupture. 
The  arcii  cannot  fall  unless  the  line  of 
pressures  nearly  touches  the  contour 
curves ;  hence,  of  the  infinite  number  of 
positions  it  can  take,  it  would  seem  that 
the  first  just  drawn  should  offer  sufficient 
stability,  though  it  may  not  be  exactly 
the  true  one. 

107.  If  there  is  a  weight  at  the  sum- 
mit, since  its  effect  is  to  move  the  point 
o  of  the  force  line  upwards  and  thus 
increase  the  thrusts  in  the  top  crowns, 
the  line  of  pressures  with  a  constant 
horizontal  thrust  must  commence  nearer 
the  summit  than  before.  The  reverse 
happens  when  any  weight  is  taken  from 
the  top  of  the  dome,  as  for  an  open 
dome.  In  the  former  case,  a  small 
weight  at  top  will  cause  nearly  the  whole 
of  the  lune  solid  to  act  as  a  simple  arch. 

CONICAL    DOME. 

108.  Let  Fig.  26  represent  a  meridian 
section  of  a  conical  dome.     Divide  the 


Fig.  26 


altitude  cd  into  eight  equal  parts,  and 
pass  horizontal  planes  through  the  points 
of  division  giving  the  joints  1,  2, . .  .  Mid- 
way between  these  joints  draw  the  hori- 
zontal radii  of  the  center  line  shown  by 
the  dotted  lines.  If  we  call  the  hori- 
zontal thickness  of  the  ring  ab=t,  the 
vertical  distance  between  any  two  joints 
h,  and  the  mean  radius'  of  the  center  line 
between  these  joints  by  r,  we  have  for 
the  volume  of  the  voussoir  included  be- 
tween the  two  joints  and  two  meridian 
planes,  making  an  angle  <p  with  each 
other, 

Y=htr<fi, 

according  to  the  law  of  Guldinus. 

The  weights  of  the  successive  voussoirs 
vary  therefore  as  r.  Therefore  lay  off  on 
the  vertical  force  line,  0  ...  8  successive 
distances,  proportional  to  the  dotted 
radii,  beginning  with  the  first  voussoir. 
The  line  ef  cuts  off  £  of  these  radii 
counting  from  cd. 

Next  draw  the  line  06'  ||  bg  and  pass 
horizontals  through  the  points  1,  2.  ...  of 
the  force  hue.  If  the  resultants  on  the 
joints  are  assumed  to  coincide  with,  or 
be  parallel  to  the  center  line,  the  hypo- 
thenuses  of  the  triangles  just  formed 
represent  the  strains  on  the  joints. 
Thus  06'  is  proportional  to  the  strain  on 
joint  6,  and  66'— 55'=horizontal  radial 
force  Q  exerted  by  the  sixth  ring. 
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Now  if  the  arch  is  assumed  practically 
micleformable,  the  center  line  is  the  line 
of  pressures,  and  the  force  diagram  is 
sufficiently  correct. 

For  compressible  materials  however,  if 
the  top  and  bottom  are  kept  from  moving 
horizontally,  the  middle  of  the  dome  from 
the   compression  of   its  rings   tends  to 
move  inwards,  which  requires  that  the 
line  of  pressures  there  lies  outside  of  the 
center  line,  and,  as  a  consequence,  inside 
the  center  line  at  top  and  bottom.     Its 
exact   position  is  indeterminate   and  is , 
dependent    upon    the    method    used   in  j 
building  (whether  with  or  without  cen- ! 
ters  or  supports)  also  on  the  fitting  of j 
the  stones.     If  the  abutments  spread,  as 
probably     happens,     the     wedge-shaped  j 
solids,   included    between   the   meridian 
planes,  tend  to  separate  next  the  base; : 
and  the  inner  edges  of  joints  next  the  j 
abutment  must  bear  the  most,   i.e.   the  | 
line  of  pressures  there  is  inside  of  the 
center  line. 

We  see,  therefore,  that  the  assumption 
that  the  center  line  is  the  line  of  press- 
ures, is  on  the  side  of  safety,  so  that  the 
force  diagram  above  may  be  used  in  de- 
termining the  dimensions  of  abutments 
or  hoops  to  withstand  the  horizontal 
thrust. 

109.  The  least  horizontal  thrust,  con- 
sistent with  no  joints  opening,  may  be 
found  as  follows  (also  see  Eddy's  New 
Constructions,  &c.) : 

Assume  the  centers  of  gravity  of  the 
voussoirs  to  he  on  the  center  line  mid- 
way between  the  joints,  which  hypothesis 
can  be  made  as  near  the  truth  as  we 
choose  by  sufficiently  diminishing  <p.  \ 
Now  combine  the  thrust  at  joint  6  ,  06'  I 
(as  found  above),  supposed  to  act  at  the 
exterior  middle  third  limit,  with  the 
weight  of  voussoirs  below  it ;  if  the  re- 
sultant, 08',  strikes  the  base  at  the  inner 
limit,  the  horizontal  thrust,  66'  =  88',  is 
a  minimum  in  order  that  no  joints  open. 
The  dome,  however,  may  be  perfectly 
stable  when  joints  open,  so  that  the 
smallest  thrust  consistent  with  stability 
is  less  than  the  above.  In  the  above 
figure  it  was  found,  on  a  second  trial, 
that  at  joint  6 J  the'  horizontal  thrust  first 
became  constant,  so  that  the  part  of  the 
dome  below  it  exerted  no  circumferential 


thrust  on  the  hypothesis.  The  point  of 
contact  with  the  outer  limit  is  probably 
nearer  the  middle  of  the  dome  section, 
as  the  yielding  is  greatest  there. 

The  two  constructions  given  thus  in- 
dicate limits  between  which  the  true 
thrust  is  found. 

110.  The  preceding  construction  is  the 
concluding  one  for  this  series. 

In  what  has  preceded  we  have  been 
careful  to  state  clearly  the  hypotheses 
which  are  introduced,  and  to  criticise 
them  in  the  light  of  both  theory  and 
facts. 

It  is  not  difficult  for  a  mathematician, 
having  made  certain  assumptions,  to  de- 
velop, perhaps,  an  elegant  theory,  quite 
dazzling  to  the  inexperienced;  but  the 
engineer  requires  that  the  hypotheses  be 
proved  correct,  or  at  least  nearly  so,  be- 
fore he  can  use  them  in  practice. 

So  far  from  enforcing  an  unproved 
hypothesis  by  confident  assertions,  the 
writer  may  have  leaned  too  much  the 
other  way  by  too  often  employing  the 
word  "probable "  where  a  stronger  ad- 
jective would  have  better  suited,  espe- 
cially in  the  parts  referring  to  true 
curves  of  presstu'e.  It  is  evident  that 
the  difficulty  of  locating  the  real  press- 
ure curve  in  a  simple  arch  is  increased 
for  its  combinations  in  a  much  greater 
ratio. 

It  has  been  pointed  out,  however,  that 
the  arch  may  satisfactorily  be  tested 
without  its  true  position  being  known, 
from  considerations  of  arches  at  the 
limit  of  stability.  In  fact,  it  is  believed 
that  this  true  position  is  closely  approxi- 
mated to  by  drawing  a  curve  of  press 
ures,  within  limits,  approximately  equi- 
distant from  the  center  line,  correspond- 
ing io  the  maximum  and  minimum  of  the 
thrust  (see  art.  27). 

This  principle  receives  corroboration 
from  certain  constructions  pertaining  to 
the  solid  arch,  which  apply  to  the  vous- 
soir  arch  when  the  stones  are  cut  per- 
fectly, the  mortar  joints  very  thin,  and 
no  joints  open,  the  spandrels  not  being 
supposed  to  exert  any  resistance. 

In.  such  cases,  the  pressure  curve  for 
the  solid  arch  is  identical  with  that  for 
the  voussoir  arch. 

This  view  will  be  clearly  exposed  in  a 
jmper  that  will  follow  this,  on  "Solid 
Arches,"  to  which  the  reader  is  referred. 
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From  "  The  Bulletin." 


We  are  again  placed  under  obligations 
to  our  special  correspondents  for  infor- 
mation which  enables  us  to  give  our  usu- 
al annual  summary  of  the  condition  of 
our  iron  and  steel  industries  at  the  be- 
ginning of  a  new  year.  The  informa- 
tion thus  obtained  has  been  analyzed 
with  care,  and  so  much  of  it  as  relates  to 
pig  iron  has  been  embraced  in  a  table, 
which  is  herewith  presented,  in  connec- 
tion with  comparative  figures  for  1877, 
which  are  taken  from  our  last  annual  re- 
port. As  more  detailed  information  than 
has  yet  reached  us  will  be  received  in 
due  time  from  individual  producers,  it  is 
to  be  expected  that  the  figures  of  pro- 
duction, stocks,  etc.,  which  will  appear 
in  our  next  annual  report  will  be  slightly 
different  from  those  of  the  table ;  but  the 
general  results  in  districts  and  States, 
and  in  the  country  at  large,  will  not  be 
materially  altered.  The  figures  now 
given  in  the  table  and  in  the  remainder 
of  tliis  summary  are  partly  estimates,  but 
they  are  estimates  made  not  by  us  but 
by  practical  ironmasters,  each  one  of 
whom  testifies  only  concerning  his  own 
district  and  of  his  own  knowledge.     We 


are  thus  particular  in  giving  all  the  facts 
which  affect  the  tabulated  and  other 
statements  which  are  here  submitted, 
that  the  trade  may  know  what  degree  of 
credibility  to  attach  to  these  statements. 
We  think  we  are  justified  in  claiming  for 
them  substantial  accuracy  in  all  essential 
particulars. 

Pig  Iron. — The  production  of  pig  iron 
in  the  United  States  in  1878  was  about 
70,000  net  tons  (2,000  pounds)  in  excess 
of  the  production  of  1877.  In  1877  there 
were  produced  2,314,585  tons,  and  in 
1878  the  production  was  2,382,000  tons. 
A  reference  to  our  table  will  show  which 
States  increased  and  which  decreased 
their  production  during  the  past  year. 
Pennsylvania  shows  an  increase  of  over 
100,000  tons,  while  Ohio  shows  a  de- 
crease of  over  30,000  tons.  In  1878 
Pennsylvania  made  more  than  50  per 
cent,  of  the  total  production  of  pig  iron 
in  the  United  States. 

The  pig  iron  produced  in  1878  we 
classify  as  follows  according  to  the  kind 
of  fuel  used,  and  give  comparative  fig- 
ures for  preceding  years : 


Kind  of  Fuel. 

1878. 

1877. 

1876. 

1875. 

Anthracite  

1,039,000 

1,093,000 

250,000 

934,797 

1,061,945 

317,843 

794,578 
990,009 
308,649 

908,046 

Bituminous 

947,545 

410,990 

Total 

2,382,000 

2,314,585 

2,093,236 

2,266,581 

At  the  close  of  1877  there  were  in  the 
United  States  716  blast  furnaces,  of 
which  270  were  in  blast  and  446  were 
out  of  blast.  At  the  close  of  1878  there 
were  700  furnaces,  of  which  260  were  in 
blast  and  440  were  out  of  blast.  These 
figures,  taken  in  connection  with  those 
of  production  above  given,  indicate  an 
increased  average  production .  of  the 
active  furnaces  in  1878  over  1877. 
During  1878  there  were  18  furnaces 
torn  down,  burned  down,  or  otherwise 
taken  out  of  the  active  list,  and  there 
were  two  new  furnaces  erected — one  in 
Ohio  and  one  in  Tennessee,  showing  a 
net  decrease  in  the  year  of  16  furnaces. 


The  stocks  of  pig  iron  on  hand  and 
unsold  at  the  close  of  1877  amounted  to 
642,351  net  tons.  At  the  close  of  1878 
they  were  very  much  less,  about  516.000 
tons.  At  the  close  of  1876  stocks 
amounted  to  686,798  tons.  These  fig- 
ures show  a  decrease  in  stocks  of  44.447 
tons  from  1876  to  1877,  and  of  126.351 
tons  from  1877  to  1878.  In  the  whole 
of  Pennsylvania  there  was  a  decrease  in 
1878  of  about  30,000  tons,  although  in 
the  Lehigh  Valley  there  was  an  increase 
of  about  13,000  tons.  There  was  a  de- 
crease in  New  York  of  about  24,000  tons; 
in  Ohio  of  about  17,000  tons;  and  a 
marked   decrease  in  Michigan,  Missouri 
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and  some  other  States.  The  shrinkage 
in  stocks  was  remarkably  uniform  in  all 
iron-procTacing  States,  and  it  is  very  sig- 
nificant of  the  caution  which  character- 
ized this  branch  of  the  iron  trade 
throughout  the  year.  No  State  materi- 
ally increased  its  stocks  in  1878. 

The  pig  iron  on  hand  and  unsold  at 
the  close  of  the  year,  and  at  the  close  of 
other  recent  years,  was  made  with  fuel  as 
follows : 


The  consumption  of  pig  iron  in  1878 
was  apparently  greater  than  in  1877.  Pro- 
duction was  greater  and  the  reduction  of 
stocks  was  also  greater.  There  are  un- 
known quantities  that  elude  the  grasp  of 
the  statistician  in  attempting  an  estimate 
of  the  consumption  of  pig  iron  in  any 
given  year,  so  that  an  exact  statement  is 
never  possible ;  but  with  the  two  most 
important  elements  of  the  problem  given 
— production  and  stocks — an  approxima- 


Kestd  of  Fuel. 

1878. 

1877. 

1876. 

1875. 

192,000 
150,000 
174,000 

239,493 
156,818 
246,040 

268,122 
174,302 
244,374 

274,743 

165,482 
320,683 

Total 

516,000 

642,351 

686,798 

760,908 

tion  to  a  correct  result  is  not  difficult. 
In  1878  production  was  increased  about 
70,000  tons  and  stocks  were  decreased 
about  126,000  tons.  As  our  imports  of 
pig  iron  in  1878  did  not  vary  greatly 
from  the  imports  of  1877,  and  as  our 
exports  of  pig  iron  were  less,  and  as  we 
have  failed  to  detect  any  speculative 
movements  in  1878  that  would  withdraw 
large  blocks  of  pig  iron  from  the  market, 
we  think  it  entirely  safe  to  assume  that 
we  increased  our  consumption  of  pig 
iron  in  1878  over  1877  about  195,000 
tons. 

Manufactured  Iron  and  Steel. — It 
follows  from  what  has  just  been  said 
that  the  rolling  mills  of  the  country  were 
more  steadily  employed  in  1878  than  in 
1877.  But  of  this  there  is  abundant  and 
positive  evidence  additional  to  that  which 
is  based  upon  the  increased  production  of 
pig  iron  and  the  decrease  in  pig  iron 
stocks.  Pittsburgh  rolling  mills  and  steel 
works  were  more  generally  employed 
in  1878  than  in  1877.  Iron  shipbuilding 
is  known  to  have  been  more  active  in  1878 
than  in  1877.  The  elevated  railroads  of 
New  York  have  required  a  large  quantity 
of  finished  iron.  Iron  bridge  building,  on 
home  and  foreign  account,  has  shown  an 
improvement  over  1877.  Government 
and  other  public  buildings  have  been 
pushed  toward  completion,  and  have  re- 
quired many  thousand  tons  of  iron. 
There  was  a  large  increase  during  the 
year  in  the  number  of  locomotives  and 
railroad  cars  manufactured.     There  were 


more  miles  of  railroad  constructed 
in  1878  than  in  1877.  Ten  out  of  eleven 
of  our  Bessemer  steel  works  were  busy 
during  the  whole  year  in  the  production 
of  steel  rails,  and  the  manufacture  of 
iron  rails  during  the  year  was  certainly 
as  active  as  in  1877.  Other  steel  works  are 
known  to  have  been  busy.  The  con 
sumption  of  old  iron  rails  in  1878  is 
known  to  have  been  quite  large,  both  in 
iron  rail  mills  and  in  other  rolling  mills. 
The  prosperity  of  oru'  farmers,  who  have 
had  two  good  consecutive  crops,  for 
which  they  have  found  a  market,  and  the 
general  revival  of  business  throughout 
the  country  in  the  latter  half  of  1878, 
were  influences  which  favorably  affected 
the  iron  trade  of  the  country.  The  rail- 
roads were  generally  well  employed 
throughout  the  year. 

Iron  and  Steel  Mails. — We  have  above 
referred  to  the  improvement  in  this 
branch  of  the  iron  trade  during  1878, 
but  we  now  add  more  specific  informa- 
tion concerning  the  manufacture  of  both 
iron  and  steel  rails  in  that  year.  In  1877 
the  production  of  iron  rails  amounted  to 
332,540  net  tons,  which  was  a  great  re- 
duction from  the  product  of  1876,  which 
was  467,168  tons.  In  1878  this  decline 
was  wholly  arrested,  the  production 
during  the  year  being  fully  as  great  as  in 
1877,  and  probably  a  few  thousand  tons 
greater.  In  1877  the  production  of 
Bessemer  steel  ingots  was  560,587  net 
tons,  and  the  production  of  Bessemer 
rails   was   432,169   tons.      In   1878   the 


THE   AMERICAN   IRON"   TRADE   IN   1878. 


217 


production  of  ingots  was  about  730,000 
net  tons,  and  the  weight  of  Bessemer 
rails  produced  was  about  600,000  net 
tons.  For  these  statements  we  have  the 
best  authority.  Putting  the  iron  and 
steel  rail  products  of  the  year  together, 
we  have  in  round  numbers  a  total  of 
930,000  net  tons  as  the  rail  jDroduct  of 
the  year.  This  product  has  only  once 
been  exceeded  in  our  history,  in  1872, 
when  the  product  reached  1,000,000  net 
tons.  In  1879  we  will  probably  equal 
even  that  immense  product. 

Production  of  Rake  Superior  Iron 
Ore. — The  production  of  iron  ore  in  this 
celebrated  mining  field  was  much  greater 
in  1878  than  in  1877.  The  shipments  in 
1878  amounted  to  about  1,125,000  gross 
tons,  against  960,982  tons  in  1877.  This 
large  production  has  only  once  been 
equaled  in  the  history  of  the  district,  in 
1873,  when  the  shipments  amounted  to 
1,167,379  tons. 

Railroad    Construction. — The  mileage 


of  new  railroads  constructed  in  the 
United  States  in  1878  was  very  much 
greater  than  in  1877,  and  greater  than  in 
any  other  year  since  1873.  The  Rail- 
road Gazette  publishes  detailed  statis- 
tics for  1878,  which  show  that  in  that 
year  there  were  built  and  track  laid  upon 
2,688  miles  of  new  railroad,  against  2.177 
miles  in  1877,  2,657  miles  in  1876,  1J58 
miles  in  1875,  2,305  miles  in  1874,  and 
4,069  miles  in  1873.  The  recovery  in 
1878  from  the  depression  in  railroad 
building  which  existed  in  1877  was 
marked  and  decided,  and  we  need 
scarcely  add  forms  one  of  the  most 
encouraging  signs  of  the  day. 

Prices. — The  only  discouraging  fea- 
ture of  the  iron  trade  of  1878  is  that 
which  relates  to  prices.  In  both  iron 
and  steel  rails  there  was  an  inrproveinent, 
but  in  pig  iron  and  bar  iron  there  was  a 
decline  from  the  exceptionally  low  prices 
of  1877.  The  following  table  shows  the 
range  of  prices  throughout  the  year : 


Months. 

No.  1  Anthracite 
Foundry  Pig- 
iron  in  Phila. 

Iron  Rails  at     lSg2wftW 
Works  in  Pa.   jRarts  atWorks  m 

Best  Refined  Bar 
Iron  in  Phila. 

January 

$18  50 
18  50 
18  50 
18  50 
18  00 
17  25 
17  25 
17  50 
17  50 
17  00 

16  50 

17  00 

$32  50                    &41  00 

$44  80 
44  80 
44  80 
44  80 
44  8o 
44  80 

May 

32  50 
32  50 
32  50 
32  50 

32  50 

33  00 
33  00 
33  00 
33  00 
33  00 
33  00 

41  50 

41  50 
43  00 
43  50 
43  00 
43  50 

42  50 
42  50 

42  50 

43  00 
41  00 

June 

July 

August 

44  80 
44  80 

September 

44  80 

October 

43  56 

November 

42  56 

December 

42  56 

Average 

$17  67 

$33  75 

$42  20 

$44  24 

The  decline  in  the  price  of  pig  iron 
during  the  year  was  $1.50  a  ton,  and  on 
bar  iron  it  was  one-tenth  of  a  cent  per 
pound,  or  $2.24  a  ton.  Iron  and  steel 
rails  sold  during  the  year  at  average 
prices  which  were  higher  than  quotations 
in  January. 

Conclusion. — The  old  year,  take  it  all 
in  all,  was  a  more  active  and  a  more 
prosperous  year  for  the  American  iron 
trade  than  either  1876  or  1877.  There 
was  an  improvement  in  the  demand  for 
all  iron  and  steel  products  and  prices, 
although  not  satisfactory,  were  well 
maintained  except  in  the  case  of  pig 
iron.  This  branch  of  the  trade  has  had 
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a  hard  struggle,  and  many  furnaces  have 
been  run  without  profit.  The  new  year 
opens  with  the  promise  of  a  still  more 
active  and  more  prosperous  business  for 
our  iron  and  steel  manufacturers  than 
the  old  year  gave  to  them.  Business  is 
in  fewer  hands  and  home  competition 
cannot  be  so  desperate  as  it  has  been. 
Foreign  competition  is  for  the  present 
not  to  be  dreaded.  Prices  it  is  hoped 
are  at  last  at  the  lowest  point  to  which 
they  can  possibly  fall,  while  the  luirois- 
takable  and  undeniable  revival  of  general 
prosperity  throughout  the  country  gives 
every  assurance  of  a  continuance  of  the 
increased  demand  for  iron  and  steel 
which  characterized  the  old  year. 
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THE  MISSISSIPPI  AS  A  SILT  BEARER. 

By  ROBERT  E.  McMATH,  C.  E. 
Written  for  Van  Nostrand's  Magazine. 


Amongst  the  topics  engaging  the 
interest  of  the  public,  perhaps  no  one  is 
more  worthy  the  attention  of  the  engi- 
neering profession  than  the  discussion  of 
matters  relating  to  the  Mississippi  River, 
the  improvement  of  its  navigation,  the 
restriction  of  its  floods,  the  fixation  of 
its  bed,  and  the  drainage  of  its  border 
lands. 

These  topics  are  important  because  of 
many  considerations  of  public  economy, 
but  aside  from  these,  the  whole  subject 
is  of  peculiar  interest  to  the  Civil  Engi- 
neer as  being  a  field,  which,  in  the  near 
future,  will  afford  opportunity  for  the 
exercise  of  the  highest  order  of  talent, 
and  for  the  execution  of  many  very  im- 
portant works. 

The  profession  at  large  is  therefore 
interested,  and  should  carefully  examine 
all  facts,  theories  and  plans  advanced; 
for  to  engineers  the  nation  must  look  for 
that  dispassionate  discussion  and  forma- 
tion of  opinion  which  ought  to  precede 
the  adoption  of  any  scheme.  Schemes 
looking  to  this  field  are  already  in  exist- 
ence, and,  however  diverse  they  may  be 
in  origin  and  ostensible  purpose,  are 
alike  in  this,  that  they  essentially  are 
efforts  to  monopolize  the  field  for  private, 
or  corporate,  glory  and  profit. 

To  facilitate  examination  of  the  vari- 
ous schemes  which  have  been,  and  plaus 
which  may  be  presented,  it  will  be  profit- 
able to  inquire  into  the  resources  of  re- 
liable information  upon  the  subject  of  the 
great  river. 

In  a  professional,  or  scientific  point  of 
view  the  information  is  meager;  for  the 
reason  that  the  subject  is  beyond  the 
reach  of  private  investigation,  and  those 
made  by  the  General  Government  have 
not  been  systematically  kept  up,  because 
Congress  never  has  realized  the  import- 
ance of  such  studies,  and  has  almost  in- 
variably refused  to  grant  the  necessary 
appropriations. 

In  the  way  of  general  information 
much  is  in  existence  scattered  through 
the  public  documents  and  periodicals, 
but  mostly  unavailable,  because  few  have 
access  to  complete  sets  of  public  docu- 


ments, and  still  fewer  to  files  of  the  nu- 
merous periodicals  in  which  fugitive  ar- 
ticles have  been  published.  The  reports 
of  Lee,  Long,  Cram,  Kearney,  and  Shreve, 
are  well  worthy  of  collection  and  publica- 
tion for  the  experiences  related,  the  facts 
recorded,  and  the  opinions  given.  Ma- 
terial of  like  value  is  scattered  through 
reports  made  by  engineers  and  others 
connected  with  the  Levee  works  executed 
under  State  or  local  organizations;  but 
this  too  is  practically  unavailable.  Of 
formal  reports  available  to  the  ordinary 
professional  reader  we  have,  Ellet  on  the 
Ohio  and  Mississippi  Rivers,  Humphreys 
and  Abbot's  Report  on  the  Mississippi 
River,  and  the  reports  of  U.  S.  Engineers 
at  various  dates,  since  the  resumption  of 
civil  works  at  the  close  of  the  war  of  the 
rebellion,  in  Reports  of  Chief  of  Engi- 
neers and  other  official  documents. 

None  of  this  material  is  formally  scien- 
tific except  the  report  of  Humphreys  and 
Abbot,  and  some  of  the  reports  of  the  in- 
specting engineer  of  the  jetty  works  at 
the  mouth  of  the  Mississippi;  scientific, 
I  mean  in  the  sense,  that  in  addition  to 
statements  of  conclusions  and  reasonings, 
the  data  upon  which  they  are  founded 
are  also  given. 

Quite  an  extensive  literature  is  extant, 
composed  of  essays  and  arguments  for 
and  against  certain  projects  of  improve- 
ment. These  arguments  are,  professedly 
at  least,  based  on  actual  observation,  and 
personal  acquaintance  with  the  river  and 
the  problems  involved  in  a  proposition 
for  its  improvement. 

Personal  knowledge,  however  accurate, 
cannot  furnish  a  foundation  upon  which 
to  build  a  demonstration  of  any  general 
fact.  Its  province  is  limited  to  practical 
work,  either  of  improvement  or  investiga- 
tion. 

The  discussions  referred  to  have  not 
therefore  added  appreciably  to  our 
knowledge  of  the  subject,  because  con- 
sisting chiefly  of  assertions,  assumptions, 
and  speculations. 

Facts  in  dry  detail,  recorded  as  ob- 
served without  reduction,  interpolation, 
or  generalization,  are  greatly  needed  that 
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every  man  may  scrutinize  for  himself  the 
foundation  of  opinions,  assertions  and  as- 
sumptions. 

In  this  way  only  may  we  hope  to 
establish  certain  general  principles  upon 
which  practical  schemes  may  be  profita- 
bly discussed. 

Such  statements  of  fact,  when  accom- 
panied by  an  exposition  of  the  mode  and 
means  of  observation,  particularly  when 
there  is  any  novelty  in  either  mode  or 
means,  are  entitled  to  the  respect  and 
confidence  given  an  honest  and  capable 
witness.  But  beyond  the  range  of  state- 
ments of  fact  the  weight  of  personal  au- 
thority ceases,  and  the  man  who  is  un- 
willing to  submit  his  every  opinion  and 
conclusion  to  the  test  of  unsparing  criti- 
cism has  no  business  to  enter  the  field  of 
scientific  discussion. 

It  is  not  the  purpose  in  this  paper  to 
attack,  or  defend,  any  man's  work,  theory, 
or  statement  of  fact,  but  rather,  to  bring 
prominently  forward  facts  which  have 
unaccountably  been  left  unnoticed  hither- 
to, to  point  out  in  what  respects  our 
present  knowledge  is  deficient,  to  suggest 
means  by  which  the  deficiency  may  be 
remedied,    and  to    draw,    so   far   as  the 


facts  presented  will  warrant,  practical 
conclusions  to  guide  practical  conduct, 
until  further  investigation  shall  show  a 
truer  and  better  way. 

"Without  further  preface,  I  introduce  a 
tabulated  statement  of  the  areas  of  a 
considerable  number  of  cross-sections  of 
the  Mississippi,  between  the  Missouri 
and  Ohio  Rivers,  showing  the  stage  of 
water,  locality  and  date  of  section,  the 
actual  area  found,  the  width  at  the  date 
and  stages  and  the  mean  depth  of  sec- 
tion. The  division  of  the  table  headed 
"  Low  water,"  contains  the  areas,  widths, 
and  mean  dejDths  that  would  result  from 
reducing  the  data  of  the  preceding  col- 
umns to  the  low  water  of  1863,  in  all 
sections  above  and  including  Horsetail 
No.  2,  and  to  the  low  water  of  1872  in  all 
sections  below  Horsetail. 

The  low  water  of  1872  reads  1'.87  above 
the  low  water  of  1863  upon  the  present 
iron  gauge  at  the  foot  of  Walnut  Street, 
St.  Louis,  (as  it  is  commonly  described, 
though  really  it  is  near  midway  between 
Market  and  Walnut)  and  2,50  upon  the 
gauge  at  the  St.  Louis  Elevator,  which 
was  the  one  used  by  the  Signal  Service 
Observer  in  1872. 


Table  I. 


Date. 


July  6, 


.May  17, 
May  28. 
July  23 


Locality. 


Oct.  — . 
April  9, 

July  13, 
June  5. 
Nov.2o! 


Aug.  2£ 
Oct.  — 


Sept.  10 


1837 

1872 

1874 


1878  Cahokia  Chute 22 

Arsenal 22 

Sum  of  both  Chutes  22 

1873  Cliff  Cave 21 

1872  Carondelet 20 

1873  Brickey's  Mill 19 

1873  Horse  Tail  Bar,  1. .  18 

2..  18 

Bissell's  Point 16 

Horse  Tail  Bar,  1..  16. 
2..  16. 

*1  Mile  above  Ohio  14. 
1874|*Philadelphia  Point  11 . 
1876  Cahokia  Chute 10 

Arsenal '10. 

Sum  of  both  Chutes  10 . 
1873  *Above  Chester-. .  .10. 
1843  Bissell's  Point Il0. 

Venice  Ferry 1 10 . 

Bloody  Island,  East  10. 
West  10. 

Sum  of  both  Chutes  10. 
1872  Penitentiary  Point . '  9 . 


Actual. 


sq.  ft.      ft. 

39,346  1798 
38,1581915 
77,504,3713 
73,664  3440 


2806 
1850 
4800 
4250 
1835 


63,311 

54,152 

61,725 

55,211 

53,253 

74,5364800 

66,948  4250 

39.508  2475 
7542,187374(1 
5  24,4921580 
5    21,515,1898 

5  46,007  3488 
25  26,912  1740 

06  33,320  1980 
06  34,287  2366 
06  16,071 1373 
06  25,2411721 
06  41,312  30941 
08  47,395  24651 


ft. 
21. 
19.92 
20.87 
21.40 
22.56 
29.30 
12.86 
12.75 
29.02 
15.53 
15.51 
16.3 
11.20 
15.50 
11.33 
13.19 
15.5 
16.77 
14.50 
11.70 
14  66 
13.35 
19.23 


Low  Water. 


< 


sq.  ft. 

4,598 

3  875 

8,473 

9,016 

14,839 

21,595 

0 

157 

31,380 

3,694 

5,429 

7,078 

12,807 

11,332; 

4, 078  J 

15,410 

14,986 

15,324 

13,091 

5,609 

9,538 

15,147 

25,552 


—  - 


ft. 

902 

830 
1732 
2570 
1480 
1482 
0 
90 
1145 
2110 
1890 
1520 
2002 
1062 

835 
1897 

850 
1500 
1848 

707 
1400 
2107 
1784 


ft. 

5.09 
4.67 
4.89 
3.51 

10.26 

14.5 
0 
1.74 

27.44 
1.75 
2.87 
4.67 
6.39 

10.67 
4.88 
8.12 

17.0 

10.21 
7.08 
7.91 
6.81 
7.19 

14.32 


h 


1863 


1872 
1863 
1872 
1863 


1872 
1863 


1ST-: 
1863 


1872 


Eemarks. 


by  Wm.  Popp. 


byJ.D.McKown 
by  Capt.  Allen. 
byJD.McKown 


byLt.  R.  E.  Lee. 

byS.E.McGregory 

byJD.McKxwn 
by  Wm.  Popp. 


byJ.D.McKown 
by  Capt.  Cram. 


bvClem'ntSmith 
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Table  I — {continued). 


Date. 


Locality. 


Sept.  10, 
Sept.lt, 

Sept.  26, 

Sept.  27, 

Oct.  — , 

Sept.  — , 


Oct.  16, 
Oct.  17, 


Dec.  9, 
Oct.  16, 
Dec.  — , 


Oct.  23, 
Sept.  30, 

Nov.  14. 
Oct.  31, 
Nov.  20, 

Dec.  4, 
Dec.    5, 

Sept.—, 


Penitentiary  Point — 
872     4800' below 

Brickey's  Mill 

1872J4000'  below" 

17900' below'4 

18721  Above  Chester. . . . 

1872  *Chester 

1843  Bloody  Island,  East 
"  West 

Sum  of  both  Chutes 
1846  Bloody  Island,  East 
"   West 

i  Sum  of  both  Chutes 

1847iBloody  Island,  East 

"    West 

Sum  of  both  Chutes 
1872  |*Vancil's  Landing. 
1872'*MoccasinSpr'gsF'y 

*2100'  below 

*5100' 
1870  Bischoff  's  Dike... 
1877 
1844 


Venice  Ferry 

Kerr's  I'd  to  Gingras 
Market  Street... 

1873  *Cape  Girardeau 

1838  Venice  Ferry.... 
Market  Street... 

1872j*Sister  Island  . . . 
1872*Foot  Grand  Chain 
1872  *Dickey's  Island 

1842  Venice  Ferry 

1874'Cahokia  Chute. . 

1874  Arsenal 

Sum  of  both  Chutes 

1839  Kerr's  I'd  to  Gingras 
Duncan's  Island. 


Jan.  21, 1861 


Feb.  9, 
Feb.'  7, 


1861 
1861 


1865 


Plum  St.,  St.  Louis 

Cedar  " 

Mulberry  " 

Lombard  " 

Hazel  " 

Sycamore  " 

Convent  '  '- 

Carroll  ' ' 

Soulard  ' ' 

Rutger  " 
Miller 

Barry  " 

Marien  ' ' 
Biddle 
Wash 

Cherry  " 

Green  " 

Vine  " 
Olive 

Chesnut  " 
Walnut 
Myrtle 

Lombord  " 

Miller  " 
Lesperance ' ' 


9.08 
9.0: 
9.0 
9.0 

8.18 
8.56 


Actual. 


< 


sq.  ft.      ft 

33.5721572 

37,565;1683 
44,097:2654 
40,861:3657 
30,7951219 
37,5631505 
14,74411220 
24,0204750 
38,764  2970 
9.452J  680 
26,445^000 
35,897.2680 
12,966; 1110 
26,181  1700 
39,1472810 
34, 042 1 3904 
29,1243171 
32,498,3031 
32,3503394 
29,940  1430 
18,90911510 
44,447,2376 
33,072,2794 
53,820,3740 
20,756,1780 
28,910'2587 
30,600:3511 
24,939,1866 
29,7151953 
17,1681320 
32,790'2684 
10,678!  997 
15,917!1828 
26,595  2825 
36,732  3260 
28,2482191 
29,54111827 
24,779,1875 
24,814)1930 
24,7644920 
25, 205  J 1975 
26,9954981 


H   & 


a  §0 


23,901 
24,641 
20,775 
22,289 
21,106 
20,726 
21,76d 
20,800 


1990 
1985 
1765 
1865 
1905 
1680 
1770 
1715 


d^3 

Hi   P< 

ft. 
21.35 
22.32 
16.61 
11.17 
25.26 
24.96 
12.08 
13.72 
13.05 
13.90 
13.22 
13.39 
11.68 
15.40 
13.93 
8.72 
9.18 
17.22 
9.62 
20.94 
12.52 
18.71 
11.81 
14.39 
11.66 
11.17 
8.71 
13  3,7 
15.21 
13.00 
12.22 
10.71 
8.71 
9.41 
11.27 
12.89 
16.17 
13.21 
12  85 
12.80 
12.76 
13.63 
12.01 
12.42 
11.77 
11.94 
11  08 
12.34 
12.30 
12.13 


Low  Water. 


* 


sq.  ft.      ft.       ft. 

21,293109419.46 

23, 1574356  17.08 


20,901  2502 
11,958  2612 
20,402;1088 
25,1081403 


6,494 

11,983 
18,477 


980 
1460 

2440 


4,322  670 
11,321  1980 
15,643  2650 

5,708 
13,33 
19.045  2480 


800 
7  1680 


6,132 

11,743 


11,634  2168 
19,541 


19,520 

7,677 
27,81  { 
13,821 
29,180 
10,565 
15,630 

9,078 
12,660 
18,729 
10,617 
17,016 

6,292 

6,995 
13,287 
22,635 
18,178 
20,952 
18,832 
18,915 
18,833 
19,137 
20,797 
17,645 
18,411 
17,294 
18,560 
17,307 
17,371 
18,092 
17,308 
20,711 
23,594 
22,489 
22,799  1655 
29,285  1850 
25,385 
23,995 
20,010  1 
20,973  1 
20,677  1590 
20,845  1645 
19,60511440 


3710 
1796 


1872 


1863 


1310 
1388 
2200 
2662 
3300 
1172 
1320 
2719 
1717 
1630 
1047 
2244 
464 
1146 
1610 
2614 
2(106 
1756 
1785 
1700 
1730 
1750 
1835 
1860 
1850 


8.35 

4.58 
18.75 
17.90 

6.63 

8.21 

7.08 

6.45 

5.72 

5.90 

7.13 

7  94 

7.68 

1.65 

6.54 

5.37 
24.24 
14.90 

5.53 
12.64 

5.19 

8.84 

9.01 
11  81 

3.34 

7.37 
11.49 
10.141  " 

7.5811863 
13. 56|  1863 

6.10 

8.25 

8.66 

9.06 
11.92 
10  55 
11.12 
10.88 
10.93 
11.33 

9.50 

9.95 


1872 


1863 


1872 
1863 

1872 


Remarks. 


by  Clem'nt  Smith 

by  Capt.  Cram. 
byHenryKayser 

byClem'ntSmith 


byS.E.McGregory 
by  Wm.  Popp.  i 
by  Capt.  Cram. 


byJ.D.McKown 

byCapt.  R.E.Lee 

byJ.D.McKown 


by  HenryKayser 
byJ.D.McKown 


by  Capt.  R.E.Lee 

byC'yEng'rSt.Louis 


1400|l2.35 
525  12  17 
155011.17 
137012.66 
1565  11.56 
146011.85 
177941.64 


1660 
1690 


1635 

1580 
620 

778 


14.21 
13  31 
13.80 
15.83 
15.52 
15.19 
12.35 
11.70 
13.00 
12.67 
13.61 
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The  above  table  is  arranged,  in  order, 
according  to  the  stage  of  water  when  the 
section  was  measured.  An  arrangement 
which  is  in  this  case  allowable,  for  the 
contributions  by  tributaries,  except  the 
Maramec  and  Kaskaskia,  are  too  small  to 
affect  the  areas,  and  these  excepted  trib- 
utaries would  not  noticeably  influence 
the  areas  when  at  a  low  stage.  All  the 
sections  which  are  reduced  to  the  low 
water  of  1863  are  located  above  both 
these  main  tributaries,  also  the  Cliff 
Cave  section,  and  those  marked  with  a  * 
are  below  the  Kaskaskia  and  therefore 
include  both. 

A  careful  examination  of  the' column 
of  actual  areas,  after  making  allowance 
for  the  ordinary  causes  of  variation,  will 
suggest  that  the  area  does  not  diminish, 
when  the  river  approaches  a  low  stage,  so 
rapidly  as  would  naturally  be  expected. 

See  that  part  of  the  table  covering 
stages  ranging  below  6£  feet  and  com- 
pare with  areas  at  stages  between  6i  and 
12  feet. 

With  our  suspicions  awakened  by  the 
study  of  the  actual  areas,  we  turn  to  the 
column  of  reduced  areas  at  low  water, 
and  comparing  these,  as  deduced  from 
high  and  low  stages,  it  is  immediately 
apparent,  that  the  areas  deduced  from 
low  stage  sections  are  much  larger  than 
those  obtained  from  high  stage  sections. 
The  suspicion  then  becomes  certainty 
that  important  changes  occur  at  the  bot- 
tom of  the  river,  which  in  some  way 
accompany  the  change  of  stage. 

While  a  general  study  of  the  whole 
list  leads  to  the  above  conclusion,  a  par- 
ticular comparison  of  the  columns  of 
areas  and  widths  of  the  low  water  sec- 
tions shows  that  the  areas  also  increase, 
within  limits,  as  the  width  diminishes. 
This  suggestion  is  chiefly  based  upon 
the  sections  made  at  St.  Louis  in  1861 
and  1865,  and  is  confirmed  by  the  sec- 
tions at  Carondelet,  Brickey's  Mill,  and 
others  made  at  the  higher  stages.  It 
will  be  noticed  that,  in  nearly  every  case 
in  which  the  deduced  low  water  area 
exceeds  15000  square  feet  the  low  water 
width  is  1600  feet  or  less,  or  else  that 
the  differences  of  width  at  the  higher 
and  extreme  low  stage  are  not  great. 

Restating  our  conclusions  in  other 
terms  we  have  learned,  that  while  the 
bed  of  the  river  ordinarily  rises  and 
falls   in   some  unknown   relation  to  the 


rise  and  decline  of  stage,  there  is  an  ad 
justment  of  widths  and  form  of  section 
at  high  and  low  stages  by  which  this 
change  can  be  reduced  to  a  minimum,  if 
not  prevented  altogether. 

At  this  point  it  is  advisable  to  intro- 
duce another  tabular  statement,  derived 
from  the  preceding,  by  selecting  those 
sections  which  have  for  any  reason  been 
repeated,  and  comparing  the  areas  found 
by  these  repeated  measurements.  In 
this  table  the  geographical  order  of 
arrangement  is  followed. 

{See  Table  on  following  page.) 
At  a  first  glance,  this  table  may  seem 
inconsistent  with  the  conclusion  stated 
above,  but  if  the  sections  at  Arsenal  and 
Cahokia  chutes,  Horsetail  and  Brickeys, 
which  embrace  shorter  periods  than  most 
of  the  others,  are  examined,  they  will  be 
found  to  abundantly  confirm  it.  The 
other  cases  only  point  to  the  fact  that  we 
have  not  yet  taken  notice  of  all  the  ele- 
ments of  the  jn'oblem;  in  other  words, 
our  statement  is  incomplete. 

Strictly  speaking,  our  hypothesis  re- 
quires comparison  of  sections  taken  at 
short  intervals,  so  that  each  low  water 
area  may  be  compared  with  those  de- 
duced from  the  preceding  and  succeed- 
ing high  waters ;  indeed,  the  effect  of 
each  wave  of  rise  and  fall  should  be 
studied. 

Obviously,  the  rise  and  fall  of  the  bot- 
tom, which  we  have  noted,  is  connected 
with  the  fact  that  our  river  is  a  silt- 
bearer,  which  is  excessively  turbid  in 
times  of  flood,  and  only  moderately  so  at 
low  stages.  We  may,  therefore,  suspect 
that  these  changes  at  the  bottom  depend 
upon  the  variations  in  the  amount  of  silt 
carried  by  the  river  at  different  stages 
and  seasons.  Hence  we  infer:  First, 
that  after  a  flood  the  removal,  by  the  less 
turbid  waters  of  a  declining  stage,  of  the 
deposit  made  in  the  bed  during  the 
flood,  is  a  work  in  which  time  is  an  im- 
portant element ;  consequently,  that  a 
rapid  decline  from  a  high  stage  is  unfa- 
vorable to  the  clearing  of  the  river  bed. 
Second,  that  in  floods  of  equal  height, 
coming  from  different  soiu^ces,  or  from 
the  same  source  at  different  seasons,  the 
amount  of  deposit  will  differ,  if  the  tri- 
butaries bring  in  dissimilar  quantities  or 
qualities  of  material. 

Since  the  Missouri  water  was  found, 
by  the  engineers  of  the  St.  Louis  water- 


222 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


Table  II. 


Date. 


Locality. 


Oct. 

Dec. 
Oct. 
Oct, 
Dec. 

Sept. 


30 


Dec. 

Sept. 
Oct. 


Dec. 

Sept. 
Jan. 


Feb. 


July 

Nov. 

July 

Nov. 

July 

Nov. 

May 

April 

May 

April 

July 

Sept. 


1837. 
1843. 
1870. 
1877. 
1843. 
1844. 
1838. 
1842. 
1844. 
1839. 
1843. 
1865. 
1844. 
1838. 
1861. 
1865. 
1861. 
1865. 
1878. 
1876. 
1878. 
1876. 
1878, 
1876. 
1873. 
1872. 
1873. 
1872. 
1873. 
1872. 


Bissell's  Point 

BisckofFs  Dike 

Venice  Ferry 

Kerr's  Island  to  Gingras 

Vine  Street  

Market  Street 

Lombard  Street 

Miller  Street 

Cahokia  Chute , 

Arsenal  Chute 

Both  Chutes , 

Horsetail  Bar,  No.  1 

Horsetail  Bar,  No.  2 

n  a 

Brick ey's  Mill 


Stage. 


16.8 

10.06 

7.3 

7.0 

10.6 

7.0 

6.8 

6.0 

7.0 

4.8 

10.06 

0.0 

7.0 

6.8 

3.25 

0.0 

2.19 

0.0 

22.0 

10.5 

22.0 

10.5 

22.0 

10.5 

18.5 

16.5 

18.5 

16.5 

19.6 

9.08 


Actual. 


Areas. 


53,253 
33,220 
29,940 
18,909 
34,287 
44,447 
28,910 
32,790 
33,072 
36,732 
41,312 

53,820 
30,600 
25,205 

20,726 

39,346 
24,492 
38,158 
21,515 
77,504 
46,007 
61,725 
74,536 
55,211 
66,948 
54,152 
37,565 


Width 


1835 
1980 
1430 
1510 
2366 
2376 
2587 
2684 
2794 
3260 
3094 

3740 
3511 
1975 

1680 

1798 
1580 
1915 
1898 
3713 
3488 
4800 
4800 
4250 
4250 
1850 
1683 


Mean 
depth. 


29.02 
16.67 
20.94 
12.52 
14.50 
18.71 
11.17 
12.22 
11.81 
11.27 
13.35 

14.39 

8.71 

12.76 

12.34 

21.88 

15.50 

19.92 

11.33. 

20.87 

13.19 

12.86 

15.53 

12.75 

15.51 

29.3 

22.32 


Low  Water. 


• 

1 

Areas. 

Width' 

31,308 

1145 

15,324 

1500 

19,520 

1310 

7,677 

1388 

13,091 

1848 

27,815 

2200 

15,630 

1320 

17,016 

2244 

13,822 

2662 

22,635 

2614 

15,147 

2107 

29,285 

1850 

29,180 

3300 

9,078 

2719 

19,137 

1750 

20,677 

1590 

17,371 

1370 

20,845  . 

1645 

4,598 

902 

11,332 

1062 

3,875 

830 

4,078 

835 

8,473 

1732 

15,410 

1897 

0 

0 

3,694 

2110 

157 

90 

5,429 

1890 

21,595 

1482 

23,157 

1356 

Mean 
depth. 

27.34 

10.21 

14.90 

5.53 

7.08 

12.64 

11.81 

7.58 

5.19 

8.66 

7.19 

15.83 

8.84 

3.34 

10.93 

13.00 

12.66 

12.67 

5.09 

10.67 

4.67 

4.88 

4.89 

8  12 

0 

1.75 

1.74 

2.87 

14.57 

17.08 


works,  in  1867,  to  carry  in  suspension 
nearly  2^-  times  the  amount  of  sediment 
carried  by  the  water  of  the  Upper  ,  Mis- 
sissippi, when  the  waters  of  the  two 
streams  were  running  side  by  side,  with 
a  common  velocity,  past  Bissell's  Point, 
we  may  safely  conclude  that  the  section 
of  river  below  the  confluence  of  these 
two  streams  is  well  calculated  to  test  the 
inferences  stated  above,  the  test  needing 
only  reliable  gauge-records  for  the 
months  preceding  and  including  the  time 
when  the  sections  were  measured.  Tak- 
ing the  sections  at  Bischoff's  Dike, 
which  present  comparative  areas  that  are 
not  explainable  by  difference  of  stage, 
we  will  seek  in  the  gauge  record  at  St. 
Louis  for  the  years  1870  and  1877  an 
explanation  of  the  great  difference  in  the 
areas  at  stages  so  nearly  alike.  A  differ- 
ence which  affected  not  only  this  section, 
but  in  like  degree  a  stretch  of  river  at 
least  two  miles  in  length,  or  the  whole 
extent  covered  by  the  special  survey  to 
which  I  am  indebted  for  these  facts. 


In  1870  the  highest  water  (26'.21)  was 
of  the  date  of  April  16th.  From  that 
date  the  river  declined  slowly,  arriving 
at  6.17  September  3d;  then,  rising  slowly, 
it  reached  17.83  November  5th,  and  fell 
to  7.3  December  9th,  the  date  when  the 
section  was  measured  in  1870.  In  1877 
the  river  was  high  during  the  latter  half 
of  April,  and  through  May,  June  and 
July.  The  highest  water  of  the  season 
was  July  4th  (26.55),  whence  it  rapidly 
declined  to  7.00  early  in  October,  the 
section  being  remeasured  October  16th. 

In  the  former  case,  7  months  and  23 
days  passed  between  the  day  of  highest 
water  and  that  of  sounding  the  section, 
in  the  latter  but  3  months  and  12  days. 

The  suggestion  that  time  is  an  import- 
ant element  is  verified  in  this  case,  and 
probably  the  other  suggestion  also,  for 
the  absence  of  a  June  rise  in  1870  is 
strongly  indicative  of  small  contributions 
by  the  Missouri  for  that  year. 

The  Carrollton  sections  of  1851  were 
made  at  high  and  low  stages,  and  conse- 
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quently  ought  to  show  more  decided 
changes  of  areas  than  the  other  sections, 
which  were  made  at  mean  stages.  (For 
reasons  see  earlier  pages  of  Chapter  4  of 
Mississippi  report.) 

Without  entering  into  details,  a  study 
of  the  table  will  confirm  the  conclusions 
at  which  we  have  arrived  from  other  evi- 
dence, but  no  such  conclusion  could  have 
been  reached  from  a  study  of  the  Hum- 
phreys and  Abbot  data  alone,  for  there 
are  well  marked  exceptions  to  the  gen- 
eral conformity  to  the  rule  for  which  no 
explanation  can  even  now  be  given. 

The  table  proves  that  the  bottom 
changes  attending  variation  of  stage, 
which  we  have  found  to  be  a  prominent 
physical  fact  in  the  section  of  river  be- 
tween the  Missouri  and  Ohio  rivers,  have 
a  more  obscure  but  real  existence 
throughout  the  Lower  Mississippi.  And 
the  well-known  fact  that  the  depths  upon 
the  bars,  at  the  mouths  of  the  several 
passes,  is  greater  when  the  river  is  at  a 
low  stage  than  during  floods  demon- 
strates that  the  selfsame  phenomenon 
extends  to  the  very  mouth  of  the  river. 

Interrupting  for  a  time  our  prescribed 
course,  the  attention  of  those  who  have 
been  interested  in  the  discussion  as  to 
the  cause  of  reported  shoalings  below 
Bonnet  Carre  crevasse  and  below  Cubit's 
Pass  and  the  Jump,  is  called  to  the  pos- 
sibility that  the  facts  upon  which  the  dis- 
cussion is  based  could  as  readily  be 
found,  if  sought  for  at  the  proper  time  of 
year,  above  as  below  the  crevasses  or 
outlets  which,  by  some,  are  charged  with 
having  produced  the  reported  shoalings. 
Until  it  is  conclusively  proven,  by  sound- 
ings repeated  at  various  times,  and  at 
different  stages  of  water,  particularly 
low  waters,  that  the  reputed  shoalings 
are  permanent,  and  not  those  attendant 
upon  a  high  river,  arguments  based 
thereon  can  have  no  legitimate  place  in  a 
discussion  of  the  merits  of  outlets. 

Fallacies  arising  from  honest  misinter- 
pretation of  facts  are  as  misleading  as 
those  which  have  a  purely  speculative,  or 
even  feigned  origin.  Prof.  Forshey,  in 
the  paper  previously  quoted,  says  (page 
25):  "It  has  180,875  square  feet  of  cross- 
section,  being  2735  feet  wide  at  high 
water  and  2152  feet  at  low  water.  It 
has  increased  13,646  feet  in  section  in  23 
years."  The  latter  sentence  certainly 
contains  one  of  these  honest  misinterpre- 


tations which  might  lead  to  serious  re- 
sults if  carried  into  the  category  of  un- 
questioned facts. 

Eeturning  to  our  special  topic,  we 
may  receive  as  proven  by  the  testimony 
of  a  considerable  number  of  sections 
taken,  out  of  a  list  of  nearly  three  hun- 
dred, so  as  to  cover: 

First.  The  river  passing  out  of  a  nar- 
row gorge  into  a  wide  expanse ;  at  Bis- 
sell's  Point,  Venice  Ferry  and  Kerr's  Is- 
land to  Gingras.  (The  conditions  just 
mentioned  existed  when  the  sections 
were  made,  but  not  now.) 

Second.  An  extended  narrow  channel 
of  nearly  uniform  width ;  in  front  of  the 
city  of  St.  Louis. 

Third.  An  extremely  wide  flat  reach ; 
Horsetail  Bar. 

Fourth.  A  straight  reach  of  moder- 
ate width ;  near  Brickey's  Mill. 

Fifth.  A  wide,  straight  reach;  below 
Vancil's  Landing. 

Sixth.  Sundry  sections  where  the 
river  is  divided  by  islands. 

Seventh.  A  few  scattered  sections  in 
that  part  of  the  river  which  is  subject  to 
the  influence  of  back  water  from  the 
Ohio. 

Eighth.  The  river  passing  around  a 
sharp  bend;  as  near  Carrollton,  La, 

These  various  conditions  fairly  repre- 
sent the  variations  to  which  the  river  is 
subject.  And  a  phenomenon  which  is 
found  to  occur  under  all  these  conditions 
may  safely  be  received  as  a  general  fact, 
resulting  from  an  ever-acting  cause  and 
governed  by  determinate  law. 

Knowing  the  existence  of  the  general 
fact,  we  now  may  consider  how  to  pass 
from  this  general  to  detailed  knowledge 
of  how  the  results  are  brought  about, 
and  thus  to  the  law  of  the  changes  noted. 

I  intend  to  remark  chiefly  upon  modes 
of  fluid  operations.  From  what  has  been 
said  of  the  value  of  hydrography  and 
hydrometry,  as  usually  understood,  when 
applied  to  silt-bearing  streams,  it  is  obvi- 
ous that  improved  methods  must  com- 
mence with  the  field  surveys. 

Since  the  facts  we  seek  are  genera1. 
they  can  be  studied  to  as  good  advant- 
age at  localities  of  limited  extent  as  by 
extended  sirrveys,  provided  a  sufficient 
number  of  localities  be  chosen  for  special 
study,  and  the  selection  be  made  so  as  to 
cover  diverse  conditions  of  flow.  Also, 
since  we  have  learned  that  time,  sta^re. 
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and  source  of  waters  are  elements  in  the 
variations  of  the  bottom  phenomena,  fre- 
quent repetitions  of  some  parts  of  the 
field  work  will  be  of  prime  importance. 

It  will  be  readily  admitted,  that  none 
of  the  following  observations  and  deter- 
minations can  properly  be  omitted,  if  the 
purpose  be  a  thorough  study  of  a  silt- 
bearing  stream,  and  doubtless  it  will  be 
found  necessary  to  add  to  the  list : 

First.  Stage  of  water  in  the  main 
river  and  important  tributaries  observed 
simultaneously.  The  relative  elevations 
and  distances  between  gauges  should  be 
known. 

Second.  Shore  line  changes,  whether 
of  main  banks  or  bar  outlines. 

Third.  Repeated  located  soundings 
upon  fixed  lines. 

Fourth.  Cross  sections  plotted  and 
areas  calculated. 

Fifth.  Lateral  movement  of  cross 
section  determined. 

(a)  With  reference  to  center  of  figure ; 

(b)  With  reference  to  center  of  moment 

of  stream. 

Sixth.  Determination  of  bottom  veloc- 
ities. 

Seventh.  Determination  of  mean  ve- 
locities. 

Eiglith.  Determination  of  volumes  at 
all  stages. 

Ninth.  Determination  of  quantity  and 
quality  of  material  in  suspension  at  vari- 
ous depths. 

Tenth.  Determination  of  quantity  and 
quality  of  material  drifted  along  the 
bottom. 

The  above  observations  should  be  con- 
tinued so  as  to  include  two  low  water 
periods  and  the  intermediate  high  water, 
in  other  words,  about  fifteen  months; 
beyond  that  time  more  or  less  of  the  list 
could  be  dropped. 

Concerning  practical  methods,  it  is 
probably  not  necessary  to  say  anything 
so  far  as  the  first  five  items  of  the  list  are 
concerned,  for  the  methods  in  ordinary 
use  will  suffice  until  improved. 

Satisfactory  methods  of  velocity 
measru-ement,  and  for  the  deter  mi  nation 
of  the  movement  of  drifted  matter  on 
the  bottom  are  yet  to  be  invented.  It  is, 
therefore,  well  to  develop  the  conditions 
of  the  problem  in  each  of  these  cases. 

So  far  as  discharge  measurements  are 
concerned,  it  is  now  conceded  that  the 


velocity  at  a  depth,  somewhere  between 
mid  and  two-thirds  depth,  bears  a  fixed 
ratio  to  the  mean  velocity  in  a  vertical 
plane,  and  that  between  these  limits  the 
velocity  varies  but  slightly;  therefore, 
since  for  the  jmrpose  we  now  have  in 
view  absolute  discharges  are  not  neces- 
sary, if  we  secure  proportional  accuracy, 
it  will  suffice,  if  double  floats  are  used, 
(observing  the  requisites  of  good  double 
floats  as  stated  by  Gen.  Ellis,  See  part  2, 
Report  of  Chief  of  Engineers  U.  S.  A.  for 
1875,  page  306),  to  allow  a  length  of  sus- 
pending cord  equal  to  two-thirds  of  the 
depth,  and  to  rest  upon  the  probability 
that,  whatever  may  be  the  uncertainty  as 
to  the  exact  position  of  the  lower  float,  it 
will  not  be  far  from  the  mean  of  the  sev- 
eral depths  given  by  the  different  au- 
thorities, as  the  proper  position  of  such  a 
float. 

At  times,  when  the  depths  are  varying 
rapidly  by  changes  at  bottom  and  surface, 
as  is  the  case  when  the  river  is  rising  or 
falling  rapidly,  it  is  evident  that  an  ap- 
proximate discharge,  determined  by 
soundings  and  floats  observed  within  the 
space  of  a  few  hours,  may  be  much  more 
accurate  than  a  discharge  obtained  by  a 
much  better  method,  but  by  observations 
occupying  a  considerable  length  of  time. 
For  our  discharges  then  we  may  desire, 
but  do  not  need,  better  results  than  can 
be  obtained  by  double  floats. 

The  controverted  question  concerning 
long  and  short  bases  for  float  observa- 
tions need  not  be  considered  with  refer- 
ence to  determination  of  positions.  The 
length  of  base  should  be  decided  with 
reference  to  uniformity  in  cross  section, 
both  in  area  and  form,  and  parallelism  of 
currents,  on  one  hand,  and  the  errors  of 
time  interval,  as  affecting  the  observed 
velocity,  on  the  other ;  the  first  calling 
for  a  short,  the  latter  for  a  long  base. 

To  determine  the  position  of  floats  the 
following  method  is  suggested,  and  claim- 
ed to  have  the  following  merits  when  ap- 
plied to  large  and  rap^d  rivers  :    . 

1.  As  great  accuracy  in  position  as  is 
practicable  by  theodolite  angles  measured 
from  a  short  base ;  and  a  truer  determin- 
ation of  the  direction  and  consequent 
length  of  the  float's  path. 

2.  It  simplifies  the  observations,  and 
lessens  the  duties  of  observers,  and  thus 
removes  all  excuses  for  missed  floats,  or 
approximations. 
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Referring  to  the  accompanying  dia- 
gram, B,  C  is  the  base  of  observation, 
which  may  be  taken  of  any  desired 
length.  B  and  C  are  each  occupied  by 
an  instrument.  B'  and  C  are  range 
flags ;  D  and  E  are  flags  at  known  points ; 
A  is  an  anchored  boat,  and  AF  is  the 
path  of  any  float.  An  observer  is  sta- 
tioned in  the  stern  of  the  boat  with  a 
sextant.  From  angles  a  and  b,  meas- 
ured by  the  sextant,  and  angles  e  and  f, 
measured  at  C  and  B,  the  position  of  A 
is  approximately  fixed,  the  uncertainty 
arising  from  the  swing  of  the  boat  at  its 
anchor.  This  being  done,  B  and  C  fix 
their  cross  hairs  on  B'  and  C,  after 
which  a  trial  float  should  be  run.  B  and 
C  are  to  find  the  float  in  the  vertical 
range  of  their  telescopes  and  clamp  them, 
so  as  to  make  the  path  of  the  trial  float 
central  to  their  field  of  view.  B  and  C, 
from  this  on,  have  only  to  watch  for  the 
passage  of  floats,  note  and  record  the 
time  of  passage,  and  to  let  a  hand  signal 
fall  at  the  instant  the  float  passes  their 
cross  hairs. 

A  has  supervision  of  starting  the  floats 
and    watches,    through   his   sextant,   by 
direct  vision,  the  float,  and  keeps  B,  by  j 
reflection,  coincident  with  it.     When  B's 


signal  falls  (seen  in  the  mirror),  A  reads 
angle  c;  then,  bringing  C  into  reflection, 
he  watches  for  C's  signal,  and  when  he 
sees  it  reads  angle  d.  By  intersections 
which  may  be  very  readily  plotted,  we 
have  G-  and  H,  giving,  with  A,  three 
points  in  the  path  of  the  float.*  If,  by 
any  mishap,  either  angle  c  or  d  is  missed, 
the  path  may,  without  serious  error,  be 
assumed  to  be  a  straight  line  through  A 
and  the  position  determined.  The  only 
error  of  this  system  arises  from  the  mo- 
tion of  A,  which  may  be  limited  at  will 
by  using  additional  anchors. 

For  positions  of  A  nearer  the  base 
than  mid-river,  as  A',  angles  for  its  posi- 
tion may  be  measured  from  E  instead  of 
D,  as  indicated. 

By  this  system,  but  one  observer  is  re- 
quired to  be  specially  skillful  in  handling 
instruments,  and  his  angles  are  within 
the  range  of  ordinary  tangent  screws, 
and  he  is  therefore  little  liable  to  lose  an 
angle.  The  manual  dexterity  required 
to  handle  the  sextant  is  not  difficult  of 
acquirement,  and  should  indeed  be  part 
of  a  hydrographer's  regular  education. 

A  time-keeper  should  be  stationed 
with  B  or  C  unless  a  system  of  electric 
signals  with  chronograph  is  used. 


The  determination  of  bottom  velocities 
is  one  of  the  unsolved  problems  of  hy- 
draulics, whose  solution,  while  of  special 
importance  because  of  its  relation  to  the 
subject  of  the  transport  of  sediment,  is 
also  important  to  the  general  subject  of 
hydraulics  because  involving  the  discov- 
ery of  all  the  now  unknown  relations  ex- 
isting between  velocities  at  different 
depths. 


The  degree  of  perfection  attained  in 
chronographic  records  by  electricity,  and 
in  the  means  of  measuring  currents  by 
meters,  justifies  one  in  saying  that  the 
facilities  for  the  solution  of  the  problem 
of  the  vertical  curve  of  velocities  are 
now  such  as  to  demand  further  effort. 

It  may  properly  be  assumed  that  the 
determination  of  bottom  velocity  de- 
pends upon  the  possibility  of  determin- 
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ing  the  vertical  curve  of  velocities ;  that 
is  (since  it  cannot  be  'directly  observed 
in  a  muddy  stream),  if  the  law  of  the 
vertical  curve  is  known,  the  bottom 
velocity  would  be  ascertained  by  com- 
pleting the  curve  when  three  or  more 
points  in  it  are  known.  Previous  ex- 
perimenters have  entertained  this  view, 
and  many  efforts  to  determine  the  law  of 
the  curve  have  been  made,  but  the  law 
has  remained  undiscovered. 

If  we  now  consider  the  Horsetail  Bar 
sections  Nos.  1  and  2,  which  were  1930 
feet  apart  (and  the  same  facts  extended 
still  further),  we  note  the  entire  disap- 
pearance of  the  area  when  reduced  to 
low  water,  and,  in  fact,  the  deepest 
sounding  in  No.  1  was  17  feet  at  the 
18 '.5  stage  of  May  6th,  1873,  and  the 
same  in  No.  2,  except  a  single  depth  of 
22  feet,  close  to  the  west  shore,  near  the 
face  of  a  rock  ledge,  which  sounding  al- 
lows a  small  remnant  of  the  section  to 
appear  in  the  list. 

These  sections,  made  in  May,  cannot 
be  supposed  to  represent  the  maximum 
filling,  for  this  maximum  would  naturally 
occur  at  the  June  rise,  which  that  year 
was  well  marked,  lasting  some  six  weeks. 
Indeed,  we  know  that,  at  this  locality, 
there  has  been  as  little  as  six  feet  of 
water  in  the  main  channel  when  the 
gauge  readings  showed  the  river  at  a 
14-foot  stage.  The  soundings  of  May,' 
1873,  were  made  after  a  rise  to  25.45,  cul- 
minating  April  11th,  which  rise  probably 
was  due  to  the  Upper  Mississippi,  or  to 
local  rains.  The  sections  of  April  9th, 
1872,  were  made  after  a  short  and  quick 
rise,  beginning  March  29th  and  culmin- 
ating, April  3d,  at  17.65,  which  is  al- 
most conclusive  proof  that  it  was  caused 
by  local  rains  affecting  only  the  nearer 
tributaries,  conditions  favorable  to  a 
moderate  filling  of  the  low-water  channel. 

The  conclusions  of  our  analysis  are 
then  borne  out  by  the  facts,  so  far  as 
they  are  on  record.  It  would  be  more 
satisfactory  if  we  could  trace  the  exact 
source  of  the  several  waves,  but  the  data 
are  not  at  hand,  and  will  not  be  until 
gauge  records  are  kept  at  points  on 
every  important  tributary  to  the  Missis- 
sippi, far  enough  from  the  main  stream 
to  be  beyond  the  influence  of  back-water, 
and  below  the  main  affluents  of  the  tribu- 
tary. 

The  facts  and  analysis  are  given  to  lay 


before  those  not  familiar  with  the  river 
itself  proof  of  one  cardinal  fact  of  great 
practical  importance,  which  either  has 
altogether  escajDed  the  attention,  or  has 
not  been  duly  appreciated  by  those  who 
have  undertaken  to  explain  the  physics 
of  this  river.  Persons  familiar  with  the 
river  will  possibly  recognize  in  the  state- 
ments which  have  been  made  little,  if 
anything,  more  than  is  implied  in  the 
maxims,  current  among  boatmen,  about 
the  channel  flattening  when  the  river 
rises  and  cutting  out  as  it  falls ;  also, 
that  a  rapid  decline  from  a  high  stage  is 
followed  by  a  season  of  bad  navigation 
through  shifting  channels;  also,  that  a 
spurt  of  a  rise,  coming  after  the  cutting- 
out  process  has  developed,  is  considered 
undesirable;  and,  again,  such  statements 
as  the  following:  "A  rise  of  a  foot,  com- 
ing from  the  Missouri,  adds  nothing 
to  the  channel  depth  out  to  Cairo,  but  a 
rise  coming  out  of  the  Illinois  will  add 
materially  to  the  channel  depth,  even 
though  it  does  not  increase  the  gauge 
readings  at  St.  Louis."  These  results  of 
the  observation  of  practical  men  con- 
firm the  deductions  from  a  study  of  the 
cross  sections,  which  we  now  restate. 

A  deposit  of  silt  in  the  bed  of  the  river 
is  made  when  the  turbidity  of  the  stream 
passes  a  certain  limit,  and  is  removed 
when  the  turbidity  falls  below  that  limit. 
These  conditions  usually  attend — the  one 
a  rising  and  the  other  a  falling  river. 
The  amount  of  deposit  depends  also 
upon  the  sources  from  which  the  flood 
waters  come  and  the  subsequent  removal 
upon  the  time  occupied  by  the  decline. 

I  would  include  in  the  term  turbidity 
all  material  conveyed  by  the  stream, 
whether  borne  in  suspension,  swept 
along  the  bottom,  or  moving  as  a  semi- 
fluid mass  along  the  bed  with  its  own 
motion  as  a  semi-fluid. 

Without  here  indicating  an  opinion  as 
to  the  actual  existence  of  all  these  modes 
of  transport  of  sedimentary  matter,  and 
particularly  the  latter,  I  will  introduce 
the  testimony  of  witnesses  as  follows : 

The  late  General  E.  E.  Lee  was,  in 
1838,  in  charge  of  the  improvement  of 
the  Des  Moines  Rapids,  by  excavating  a 
channel.  In  his  report  of  October  24th, 
1838,  he  says:  "Unless  it  (the  rock 
loosened  by  blasts)  is  removed,  the  ef- 
fect of  the  second  course  of  blasts  is 
much    diminished,   and    the  current    of 


THE   MISSISSIPPI   AS   A   SILT   BEAEEE. 


227 


sand,  constantly  drifting  over  the  bed 
of  the  river,  soon  fills  up  the  crevices 
and  renders  reblasting  necessary." 
The  context  shows  that  the  operations 
were  limited  to  low  stages  affording  wad- 
ing depths;  therefore  the  comparative 
transparency  of  the  water,  at  that  local- 
ity and  stage,  favors  the  supposition  that 
Lee's  statement  of  a  "current  of  sand 
constantly  drifting  over  the  bed  of  the 
river "  was  founded  upon  direct  obser- 
vation. If  the  current  of  sand  existed 
at  low  water,  it  certainly  did  at  high. 

It  is  related,  upon  the  authority  of  the 
chief  engineer  of  the  bridge  over  the 
Missouri  at  St.  Charles,  that  during  the 
sinking  of  one  of  the  caissons  certain 
fender  piles,  which  had  been  driven 
above  the  caisson,  disappeared,  and  when 
the  caisson  reached  the  bed  rock  the  lost 
piles  were  found  lying  on  the  rock  under 
the  caisson.  "What  depth  of  sand  over- 
laid the  rock  was  not  stated,  but  it  was 
considerable. 

Again,  in  the  report  of  the  chief  engi- 
neer of  the  Illinois  and  St.  Louis  Bridge 
of  June,  1868,  page  21,  it  is  said:  "I  had 
occasion  to  examine  the  bottom  of  the 
Mississippi  below  Cairo  during  the  flood 
of  1851,  and  at  65  feet  below  the  surface 
I  found  the  bed  of  the  river,  for  at  least 
three  feet  in  depth,  a  moving  mass,  and 
so  unstable  that,  in  endeavoring  to  find 
footing  on  it  beneath  the  bell,  my  feet 
penetrated  through  it  until  I  could  feel, 
although  standing  erect,  the  sand  rush- 
ing past  my  hands,  driven  by  a  current 
apparently  as  rapid  as  that  at  the  sur- 
face. I  could  discover  the  sand  in  mo- 
tion at  least  two  feet  below  the  surface 
of  the  bottom,  and  moving  with  a  velocity 
diminishing  in  proportion  to  the  depth 
at  which  I  thrust  my  hands  into  it."  In 
this  very  explicit  and  circumstantially 
detailed  statement  we  are  assured  that 
the  bottom  was  moving  in  time  of  flood, 
and  under  water  of  very  considerable 
depth — 65  feet. 

Professor  C.  G.  Forshey,  in  a  paper  en- 
titled "The  Physics  of  the  Gulf  of  Mexi- 
co, and  of  its  chief  affluent  the 'Mississip- 
pi River"  read  at  the  Nashville  meeting 
of  the  American  Association  for  the  Ad- 
vancement of  Science  in  August,  1877, 
Page  18  of  panrphlet  copy  says  :  "  It  was 
ascertained  early,  say  within  the  first 
month  of  observation,  that  there  was 
some  other  undiscovered  method  of  ex- 


plaining the  amount  thrown  out  on  the 
sand-bars,  in  the  crevasses  of  the  levees 
and  banks,  and  carried  to  the  bars  of  the 
river  at  its  mouths. 

"A  single  experiment  made  by  the 
writer  of  these  pages  brought  to  light 
the  secret. 

"The  matter  was  borne  along  the  bot- 
tom of  the  river,  too  heavy  to  be  held  in 
suspension.  By  far  the  greater  amount 
passed  off  thus  invisible.  The  amount 
could  not  be  measured.  The  experiments 
were  continued.  Samples  were  taken 
during  the  whole  of  two  years  and  the 
drift  matter  never  was  found  absent  be- 
neath a  running  current.  From  the 
greatest  depth  on  the  line  of  observation 
and  from  the  gently  sloping  shore  of  the 
bar  on  the  other  side,  the  parcels  were 
taken. 

"After  much  reflection  and  desire  to 
make  the  estimate  reliable,  I  have  con- 
cluded to  estimate  the  amount  of  drift 
matter,  rolled  or  pushed  along  the  bottom 
of  the  river,  at  three-fourths  of  the  whole 
quantity  by  weight." 

We  have  now  from  four  independent 
sources-direct  testimony,  based  on  actual 
observation,  all  agreeing  as  to  the  one 
thing  under  investigation,  namely,  that 
very  important  movements  are  in  prog- 
ress at  the  bottom  of  the  river,  and  we 
may  add,  at  all  stages  of  water,  at  all 
depths,  and  at  all  parts  of  the  river,  for 
our  evidence  is  drawn  from  both  of  the 
great  rivers  whose  union  makes  the  true 
Mississippi,  from  the  main  stream  after 
receiving  its  other  great  tributary,  the 
Ohio,  and  from. the  deep  and  compara* 
tively  stable  section  at  its  approach  to 
the  Gulf.  A  fact,  which  is  invariably 
found  under  such  varying  conditions, 
must  be  a  general  one.  Of  the  detail  of 
this  general  fact  no  one  can  pretend  to 
have  an  adequate  knowledge,  and  yet  it 
must  be  admitted  that  such  accurate 
knowledge  is  of  the  highest  importance, 
both  in  a  scientific  and  practical  point  of 
view. 

Regarded  from  the  scientific  stand- 
point, since  we  have  proven  that  the 
flow  of  sand  is  inseparable  from  the  flow 
of  water  (an  idea  which  is  in  fact  involv- 
ed in  the  most  ordinary  conception  of  a 
silt-bearing  stream)  it  must  follow,  that 
the  hydraulics  of  such  a  stream  are  more 
complicated  than  of  rivers  of  clear  water 
traversing  stable  beds. 
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Therefore,  observations  of  a  special 
character  are  required  to  detect  the  com- 
plex laws  of  a  sediment-bearing  stream. 
Take  so  simple  a  matter  as  a  hydro- 
graphic  survey,  for  example :  these  bot 
torn  changes  forbid — First:  An  attempt  at 
reduction  of  soundings  to  a  standard  low- 
water  stage,  as  is  customary  in  hydro- 
graphic  work.  Second :  They  render  it 
impracticable  to  join  surveys  made  at 
different  dates.  Third:  No  direct  com- 
parisons can  be  made  between  different 
surveys  covering  the  same  ground,  if 
such  surveys  are  made  at  different  stages 
of  water,  or  at  the  same  stage  after  a 
diverse  succession  of  stages.  Fourth: 
It  is  impossible  to  distinguish  permanent 
changes  of  contour  from  the  fluting 
ones  due  to  the  silt  movement.  No  ar- 
gument can  be  required  to  establish 
these  statements.  Every  one  must  see 
that  they  are  inevitable  consequences  Of 
the  fact  of  bottom  changes  attending 
fluctuations  of  stage. 

Passing  from  hydrography  to  hydrom- 
etry  it  is  equally  obvious  that  the  im- 
portant element  of  depth  is  subject  to 
variations  from  below  as  well  as  at  the 
surface  when  the  river  rises  and  falls. 
Therefore,  a  continued  series  of  discharge 
measurements  will  be  subject  to  great 
errors,  in  respect  to  areas,  velocities,  and 
volume,  if  the  ordinary  assumption  of 
unchanged  bottom  be  indulged,  and  the 
same  remark  applies  to  attempted  studies 
of  the  vertical  curve  of  velocities. 

This  seems  to  have  escaped  the  notice 
alike  of   hydraulic   authors   and   critics,  j 
though  ample  facts  to  show  the  existence  ] 
of  the  error  have  been  in  print  for  years.  \ 

I  have  introduced  a  tabulated  statement  j 
(pp.  228-9)  from  Humphreys  and  Abbot's  ! 
Appendix  C,  of  remeasured  cross-sections,  ' 
adding  thereto  a  remeasurement  in  cer- 
tain cases  made  in  1872,  the  latter  on  the 
authority  of  Prof.  Forshey's  paper  already 
quoted,  and  to  be  found  on  the  last  page 
of  the  pamphlet  copies. 

The  order  of  arrangement  is  geograph- 
ical, and  the  table  shows  the  same  facts 
as  the  preceding  ones,  except  that  the 
hydraulic  mean  depths  are  substituted 
for  mean  depths,  in  order  to  specially 
direct  attention  to  the  influence  of  bot- 
tom changes  upon  the  elements  usually 
entering  into  hydraulic  formulas.  The 
columns  headed  "center  of  moment 
about  base "  were  made  out  partly  with 


the  hope  of  being  able  to  show  a  measure 
of  the  lateral  vibration  of  the  river  sec- 
tion, between  high  and  low  stages,  in 
passing  around  a  well-defined  bend,  as  at 
Carroll  ton;  and,  in  other  cases,  to  show 
the  extent  of  lateral  movement,  in  order 
thab  it  might  be  seen  that  no  marked 
shifting  of  the  bed  occurred  between  the 
dates  of  measurement,  which  might  ac- 
count for  the  change  of  areas.  The  first 
purpose  failed,  because  the  sections  are 
not  real — that  is,  actually  measured  at 
high  and  low  stages — consequently  the 
demonstration  of  a  very  interesting  fact 
must  be  deferred  until  real  data  are 
available. 

The  absence  of  the  specific  dates  when 
the  measurements  were  made  detracts 
from  tjie  value  of  the  facts  here  recorded. 
The  general  state  of  the  gauge  during 
the  month  in  which  the  measurements 
were  made  is  given  in  the  column  of  re- 
marks. 

Since  none  of  the  areas  given  were  ac- 
tually measured,  but,  as  they  stand  in 
the  table,  are  really  predicted  areas  based 
upon  data,  obtained  at  some  intermediate 
but  not  definitely-known  stage,  therefore 
areas  predicted  from  sections  measured 
at  comparatively  high  stages  will  be 
smaller  than  those  predicted  from  measure- 
ments at  low  stages,  if  the  theory  ad- 
vanced in  the  foregoing  pages  is  correct. 

If  the  reader  has  access  to  the  work  of 
Humphreys  and  Abbot,  it  will  be  profit- 
able to  turn  to  the  gauge  records  of  Ap- 
pendix B  for  localities  and  years  named 
when  examining  the  foregoing  table. 

Although  several  writers  have  brought 
forward  formulas  derived  from  the  data 
in  their  possession  the  result  is  nothing 
but  discord,  because  the  points  on  the 
curves  were  not  determined  by  simulta- 
neous observations.* 


*  Since  the  paragraph,  giving  credit  for  the  legitimate 
derivation  of  formulas  from  the  data  by  various  writers 
on  hydraulics,  was  written,  grave  doubt  has  arisen  as  to 
the  legitimacy  of  instituting  comparisons  of  vertical 
curves,  taken  at  various  localities  and  stages,  by  dividing 
the  observed  curves  into  tenths  of  the  total  depth  and 
plotting  to  a  uniform  scale  the  co-ordinates-  thus  obtained; 
aud  the  further  reduction  to  a  mean  velocity  of  unity  by 
dividing  all  the  ordinates  in  each  curve  by  i  s  mean  veloc- 
ity. These  steps  are  founded  upon  an  assumption,  which 
may  or  may  not  be  true,  that  larger  and  smaller  streams 
are  proportionally  affected  as  to  their  several  parts  or 
elements.  Taking  an  extreme  case  for  example,  a  rivulet 
flowing  under  certain  conditions  is  transformed  by  heavy 
raintall  into  a  torrent;  can  it  be  supposed  that  the  condi- 
tions of  flow  have  simply  expanded  symmetrically?  and 
yet  this  is  really  the  assumption  when  the  procedure 
criticized  is  applied  to  observations  at  various  stages  of 
water  to  bring  them  into  condition  for  a  comparison  of 
things  which,  for  aught  we  know,  may  be  essentially 
unlike. 
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Taking  the  existence  of  pulsations  or 
irregularities  of  currents  as  an  established 
fact,  it  will  be  readily  understood,  that 
observations  at  the  several  depths  at  dif- 
ferent times,  and  probably  for  irregular 
periods,  cannot  be  expected  to  give  a 
true  mean  curve.  If  this  point  be  admit- 
ted, and  I  think  it  must  be,  the  anomal- 
ous results  of  all  previous  observations 
are  accounted  for,  and  the  remedy  sug- 
gested. For,  by  the  use  of  current 
meters  and  a  chronographic  register,  it 
would  be  possible  to  make  simultaneous 
observations  at  as  many  points  of  the 
vertical  as  we  choose  to  provide  meters. 
And  if  the  revolutions  of  the  several 
meters  are  recorded  upon  one  chrono- 
graph, data  in  convenient  and  unmistak- 
able form  will  be  available  for  the  deter- 
mination of  the  vertical  curve  at  any 
instant ;  or,  by  taking  means,  by  groups, 
of  obtaining  a  series  of  true  mean  curves, 
which,  when  extended  to  cut  the  bottom, 
will  furnish  the  only  possible  solution  of 
the  problem  of  bottom  velocity. 

Looking  at  this  suggestion  from  a 
practical  point  of  view,  it  is  probable 
that  it  would  require  but  little  more 
trouble  and  time,  to  run  a  series  of 
meters  when  the  vertical  wire  required 
for  one  is  in  place  than  to  run  that  one 
singly,  and  less  if  the  single  meter  be 
run  successively  at  as  many  different 
depths  as  the  series. '  If  I  am  right  in 
this,  the  cost  of  a  complete  series  of 
simultaneous  observations  would  not  be 
much  more  than  an  incomplete  system 
would  cost,  aside  from  the  first  expense 
for  meters  and  electrical  apparatus. 

The  foregoing  suggestions  it  is  hoped 
may  prepare  the  way  for  the  solution  of 
some  of  the  unsettled  questions  concern- 
ing the  flow  of  streams.  I,  for  one,  do 
not  believe  that  the  presence  of  grit  in 
the  water  presents  any  insuperable  ob- 
stacle to  the  use  of  properly  constructed 
meters  in  the  Mississippi,  though  patient 
and  protracted  experiment  may  be  re- 
quired before  that  proper  construction  is 
realized. 

My  statement  of  the  deficiency  of 
practical  methods  included  the  determin- 
ation of  the  quantity  and  quality  of  drift- 
ed material. 

The  collection  and  determination  of 
suspended  matter  is  merely  a  matter  of 
patient  careful  detail;  and  the  same  may 


be  said  of  material  drifting  along  a  stable 
bottom. 

A  trap  or  dredge  similar  to  to  the  slip 
water  bottle  used  on  the  Challenger 
expedition  can  certainly  be  devised, 
which  will  bring  the  desired  specimens 
to  the  surface  for  examination. 

But  if  there  is  a  stream  of  sand  run- 
ning beneath  that  of  water,  the  question 
of  detecting  and  measuring  the  move- 
ments of  this  under-current  is  important. 
It  will  be  remembered  that,  when  speak- 
ing of  the  various  modes  of  transport  of 
sediment,  I  reserved  expression  of  opin- 
ion concerning  the  weight  to  be  given 
certain  statements  which  I  then  quoted. 

The  statements  of  Gen.  Lee  and  Prof. 
Forshey  imply  no  more  than  the  move- 
ment of  sand  and  other  bodies  along  and 
in  close  proximity  to  the  bottom;  but 
when  that  bottom  is  itself  composed  of 
sand  or  other  material,  readily  moved  by 
any  disturbing  cause,  it  will  be  readily 
understood,  that  no  definite  line  of  divi- 
sion can  be  drawn  between  material  in 
motion  and  that  at  rest.  But  the  obser- 
vations incidentally  made  by  means  of 
the  caisson  and  diving  bell  seem  to 
testify  to  an  extensive  movement  at  the 
bottom,  which  in  quantity  moved  would 
render  the  movement  in  suspension  trif- 
ling in  comparison,  presenting  a  question 
concerning  which,  we  cannot  afford  to 
remain  in  doubt.  The  evidence  quoted 
is  suggestive,  but  not  conclusive ;  for  the 
presence  of  so  large  a  body  as  a  caisson 
or  diving  bell,  would  of  itself  tend  to 
produce  the  facts  observed,  by  creating  a 
violent  disturbance  of  the  local  fluid  cur- 
rents, which  would  react  upon  the 
unstable  material  of  the  bottom.  Some 
more  reliable  method  of  observation 
must  be  adopted.  Possibly  the  presence 
of  a  diver  in  armor  would  not  create  dis- 
turbance enough  to  vitiate  observations 
made  directly  as  to  the  principal  facts. 
but  exact  measiu'ement  of  the  depth  and 
velocity  of  movement  woidd  present 
more  difficulty ;  which  difficulty  need  not 
be  attacked  until  the  demonstration  of 
the  fact  makes  its  solution  necessary. 

The  thorough  investigation,  suggested 
in  the  preceding  pages,  into  the  subject 
of  silt  movements,  is  not  simply  in  the  in- 
terest of  the  Mississippi,  but  would  con- 
tribute to  the  science  of  hydraulics  in  re- 
spect to  other  silt-bearing  rivers.  Un- 
questionably every  general  fact  brought 
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to  light  will  add  to  tlie  ability  of  engi- 
neers to  deal  successfully  with  such 
streams.  But  it  is  not  necessary  that 
the  application  of  the  very  imperfect 
knowledge  we  now  have  to  practical  ex- 
periments should  await  the  result  of 
scientific  investigations,  for  really  the  two 
are  so  intimately  related  that  it  would  be 
useless  to  attempt  to  separate  them 
Theory  must  be  tested  by  practice,  and 
practice  should  continually  improve,  as 
theories  are  perfected. 

The  general  fact,  whose  existence  and 
influence  it  is  the  chief  design  of  this 
paper  to  trace,  may  be  summed,  in  lan- 
guage intended,  so  far  as  practicable,  to 
avoid  expressing  theory  as  to  how  or 
why  the  phenomena  exists,  thus — 

First.  The  lower  part  of  the  bed  of  a 
silt-bearing  stream  is  filled  with  sediment- 
ary material  at  high  stages,  and  emptied 
at  low  in  a  manner  analogous  to  that  in 
which  the  upper  part  of  the  same  bed  is 
filled  and  emptied  of  water. 

Second.  Unusually  narrow  parts  of 
the  river  either  receive  less  than  an  equal 
proportion  of  the  deposit,  compared  with 
equal  areas  of  wide  parts,  or  else  the 
process  of  removal  of  the  deposit  is  more 
speedy  in  the  one  case  than  in  the  other, 
with  the  probabilities  in  favor  of  the  lat- 
ter supposition. 

Third.  The  amount  of  deposit  de- 
pends upon  the  source  from  which  a 
flood  comes  and  the  degree  of  its  subse- 
quent removal  upon  the  time  occupied  by 
the  decline. 

Another  class  of  deposits  due  to  ma- 
terial derived  from  neighboring  caving 
banks  is  not  included  in  the  above  state- 
ment ;  for  the  period  of  greatest  caving 
corresponds  in  most  cases  with  the  fall- 
ing stage.  This  class  of  deposits  proba- 
bly has  much  to  do  with  the  condition  of 
navigation,  but  must  be  considered  sepa- 
rate from  those  continuous  movements 
which  constitute  the  river  a  silt-bearer. 
Caving  banks  and  resulting  bars  are 
found  in  clear  streams  as  well  as  in  the 
most  turbid.  These  wordd  be  local,  but 
the  feature  we  are  tracing  is  found,  with 
rare  exceptions,  wherever  the  test  is 
made. 

The  practical  influence  of  the  above- 
stated  facts  is  very  important,  for,  after 
a  June  rise,  to  a  stage  of  25  feet  or  up- 
wards, the  natural  river  does  not  furnish 


a  continuous  navigable  channel  above  the 
Ohio,  12  feet  in  depth,  at  any  time  after 
the  stage  has  fallen  to  20  feet — that  is, 
the  low  water  channel  of  the  preceding 
year  is  entirely  obliterated,  and,  in  addi- 
tion, a  fill  of  eight  feet  or  more  in  depth, 
above  the  plane  of  low  water,  is  made 
upon  one  or  more  of  the  bars  between 
the  Missouri  and  Ohio. 

It  will  readily  be  understood  that  an 
improvement,  which,  following  clear- 
stream  precedents,  looks  only  to  furnish- 
ing a  required  depth  at  the  lowest  stages, 
may  fail  to  secure  even  that  depth  at 
mean  stages,  because  works  designed 
with  a  view  to  low  water  exclusively  will 
not  have  the  height  requisite  to  secure 
active  influence  at  higher  stages.  It  has 
been  found  by  experience  that,  to  secure 
a  depth  of  8  feet  or  more,  at  all  stages,  it 
is  necessary  that  the  works  shoiud  be 
so  designed  as  to  be  operative  at  all 
stages  below  20  feet,  which  is  satisfied 
by  giving  dikes  and  dams  an  elevation  of 
13  or  14  feet. 

It  has  been  found  practicable  to  build 
dikes  and  other  works  upon  these  sand 
foundations  by  giving  them  a  broad  base 
of  brush.  Furthermore,  it  is  found  that, 
in  the  interest  of  economy,  it  is  desirable 
to  lay  these  foundations  as  rapidly  as 
possible,  immediately  after  the  culmina- 
tion of  the  mid-summer  rise,  in  order  to 
retain  the  deposits  when  at  their  maxi- 
mum elevation.  Practically,  operations 
should  commence  as  soon  as  the  cessa- 
tion of  drift  renders  it  possible  to  work. 

The  greater  depth  at  that  time  is  not 
wholly  inimical  to  success,  for,  while  ad- 
ding to  the  difficulty  of  placing  founda- 
tions, it  affords  an  area  of  cross-section, 
which  is  so  slightly  diminished  by  the 
foundation  courses  that'  no  serious  in- 
crease of  current  or  scour  is  excited.  A 
dam  is  now  in  progress  across  Cahokia 
chute,  the  foundation  for  which  was  laid 
upon  a  section  not  materially  changed 
from  that  given  in  Table  1,  as  of  the 
date  of  July  6th,  1878,  and  stage  22  feet. 

The  writer  suggested,  several  years 
since  (in  1868),  that,  in  cases  where  the 
reclamation  of  ground  from  the  river  was 
desired,  or  the  narrowing  of  the  channel 
to  improve  the  navigation,  advantage 
might  be  taken  of  the  high  water  depos- 
its, and  their  permanence  secured  by 
rapidly-constructed  barriers  against  their 
removal.     The  same  suggestion,  with  the 
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-addition  of  the  possibility  of  utilizing, 
dredging  or  scraping  as  a  means  of  aid- 
ing navigation,  by  taking  advantage  of 
the  high  state  of  the  bars  early  in  the 
fall,  is  made  in  the  Keport  of  Col.  James 
H.  Simpson,  on  Part  of  Third  Subdivi- 
sion of  the  Mississippi  Transportation 
Route,  Appendix  CC  4  to  Report  of 
€hief  of  Engineers  U.  S.  A.  for  1875, 
page  490. 

The  fact  under  consideration  may  then 
be  treated  as  a  helpful  agency  in  the  work 
of  regulating  the  bed  of  the  stream  and 
improving  its  navigability ;  the  practi- 
cal problem  being  to  avail  ourselves  of 
the  help  and  avoid  the  hindrances,  which 
the  silt-bearing  character  of  the  river 
renders  possible. 

Study  of  the  sections  given  in  the 
tables  will  certainly  justify  the  position 
maintained  by  the  writer  for  several 
years,  that  the  floods  of  the  Mississippi 
are  not  simply  the  consequence  of  an 
extraordinary  volume  of  water,  but  that 
they,  in  no  small  degree,  depend  upon 
the  order  and  intervals  at  which  the 
rises  from  the  several  great  tributaries 
follow  each  other.  The  facts  that  have 
been  presented  show  how  considerable  a 
part  of  the  ordinary  bed  is  occupied  by 
deposited  material  at  ordinary  high 
stages,  and  strongly  suggest  the  proba- 
bility of  vastly  greater  deposits  in  times 
of  great  floods. 

If  the  maximum  of  deposit  precedes 
the  maximum  of  water  discharge  (as  it 
will  if  a  flood  from  a  silt-bearing  tribu- 
tary, arriving  when  the  main  river  is  at  a 
comparatively  low  stage,  is  quickly  fol- 
lowed by  a  flood  in  the  main  stream)  it  is 
very  certain  that  the  flood  level  will  rise 
much  higher  for  a  given  volume,  than 
when  the  clearer  tributaries  send  forth 
their  floods  first,  and  the  silt-bearers 
following  drop  their  burden  in  a  deepen- 
ed and  enlarged  bed.  So  far  as  the 
floods  are  influenced  by  this  cause  their 
control  by  levees  must  ever  remain 
uncertain  and  hazardous.  For  it  is 
within  the  range  of  probabilities  that 
one  or  more  of  the  lower  silt-bearing 
tributaries  will  send  out  a  burdened 
discharge  to  fill  the  bed  of  the  main 
river,  and  that  a  flood  from  other  sources 
following  immediately  after,  or  overlap- 
ping, the  first  wave  will  exceed  the  ability 
of  the  obstructed  channel  to  discharge 
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within  banks  or  levees  of  any  practicable 
dimensions. 

In  like  manner  no  certain  relief  from 
danger  of  overflow  can  be  expected  to 
follow  from  any  possible  system  of  out- 
lets. No  possible  depletion  of  the  lower 
part  of  the  river  can  counteract  a  cause 
acting  along  its  entire  length,  which, 
while  most  potent  near  the  entrance  of 
the  silt-bearing  tributaries,  at  so  great  a 
distance  as  that  from  the  mouth  of  Red 
river  to  Carrollton,  is  able  to  cause  a 
variation  in  a  single  season  of  one-ninth 
of  the  high  water  area,  as  was  the  case  in 
1851,  at  Sections  70  and  71,  shown  in 
Table  3.  Take  another  and  more  striking 
example.  The  history  of  Horsetail  bar,  a 
few  miles  below  St.  Louis,  shows  that,  in 
1876,  nearly  one-third  of  the  area  found 
between  banks,  at  a  thirty  foot  stage,  was 
filled  with  sand  during  the  moderate 
flood  of  that  year. 

The  point  of  these  statements  is,  that 
gauge  readings  of  themselves  afford  no 
indication  whatever  of  the  volume  of  the 
river  at  either  high  or  low  stages.  Con- 
sequently conclusions  reached  from  a 
study  of  gauge  records  alone  will  be  fal- 
lacious, whether  the  purpose  of  such 
study  be  to  establish  a  grade  line  for  a 
levee  system,  or  to  prove  the  beneficial 
effect  of  certain  crevasses,  and  thence 
draw  an  argument  in  favor  of  opening 
artificial  outlets. 

The  facts  here  presented  are  an  em- 
phatic condemnation  of  both  levees  and 
outlets  as  anything  more  than  modes  of 
alleviating  the  evil  locally.  They  do  not 
and  cannot  fully  meet  it,  and  therefore 
should  have  no  place  in  plans  embracing 
the  whole  field  and  presented  or  urged  as 
a  national  work. 

In  the  last  volume  of  this  Magazine — 
September  number,  1878,  page  223 — a 
plan  is  suggested,  by  one  who,  like  the 
writer,  condemns  levees  and  outlets  as 
solutions  of  the  Mississippi  problem, 
which  consists  in  "  simply  constructing 
light  willow  or  brush  dams  during  low 
water  on  the  shoals  which  are  then  dry, 
or  nearly  so,  at  the  various  wide  places 
in  the  river  where  the  bars  always  exist." 

The  files  of  the  office  of  the  Chief  of 
Engineers  contain  an  unpublished  paper 
by  the  writer,  written  in  1868,  which  pro- 
posed the  same  plan.  I  would  now  pre- 
face a  statement,  like  the  above  quotation, 
by  asserting  that  first  of  all  it  is  neces- 
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sary  in  wide  places  and  caving  bends  to 
provide  by  artificial  protection  a  bank, 
able  to  resist  the  abrading  and  eroding 
power  of  the  river,  against  which  the  con- 
centrated volume  of  the  narrowed  river 
may  be  safely  thrown.  For  the  wide 
places  exist,  chiefly,  because  the  banks  af- 
ford less  resistance  to  erosion  than  the 
bed  to  seonr.  Clearly  the  only  remedy 
is  to  increase  the  resisting  power  of  the 
bank.  When  this  is  done,  permanency  of 
the  bank  favors  permanence  in  the  posi- 
tion of  the  channel,  which  in  time  will  be 
scoured  to  ample  depth  for  navigation, 
and  the  shoal  areas  may,  in  many  cases, 
be  left  to  themselves. 

Until  the  progress  of  the  country  in 
population  and  wealth  justifies  the  radi- 
cal improvement  of  the  tributaries,  the 
practical  problem  is  to  assist  the  Missis- 
sippi to  convey  to  the  sea  its  necessary 
burden  of  water  and  silt.  To  the  profes- 
sional reader  it  is  not  necessary  to  prove 
how  much  traffic  is  impeded  by  stoppages 
and  unloading  and  reloading  by  the 
way. 

Caving  and  yielding  banks  are,  in 
effect,  like  throwing  upon  an  already 
overcrowded  thoroughfare   an  immense 


amount  of  local  traffic.  Protection  of 
banks  would  cut  off  these  local  contribu- 
tions, and  the  deepened  localized  chan- 
nel would  have  increased  ability  to  carry 
without  interruption  its  burden  of  ma- 
terial. 

Considered  in  its  broadest  aspect  there 
can  be  little  room  for  dispute  that  the 
improvement  and  maintainance  of  the 
navigation,  the  restriction  of  floods,  the 
protection  against  erosions,  and  the 
drainage  of  the  bordering  lands  are  so 
inseparably  linked  together  that  the 
thought  of  separating  them  is  folly. 

Viewed  as  a  whole,  it  requires  no  ar- 
gument to  show  that  the  fixation  of  the 
bed  is  the  work  upon  which  the  success- 
ful realization  of  each  and  all  these  de- 
sired benefits  must  depend.  It  therefore 
stands  logically  in  the  first  place  in  a 
scheme  of  improvement,  and,  in  the 
opinion  of  the  writer,  it  includes  also  the 
realization  of  all  the  desired  results  in 
no  small  degree.  For  the  fixation  of  the 
bed  will  lessen  the  quantity  and  regulate 
the  movement  of  sediments  to  a  very 
considerable  extent,  and,  I  have  shown, 
that  to  these  navigation  and  protection 
against  floods  are  closely  related. 


PROGRESS  IN  PURIFYING  SEWAGE  BY  PRECIPITATION. 


From  "The  Builder." 


The  object  of  this  communication  is  to 
lay  before  the  Congress  certain  practical 
and  economic  results  which  the  writer 
has  arrived  at  in  regard  to  perfecting  the 
purification  of  sewage  by  chemical  treat- 
ment, and  in  facilitating  the  disposal  of 
the  sludge  derived  therefrom.  He  de- 
sires to  acknowledge  the  valuable  co- 
operation he  has  received  from  Professor 
Wanklyn  and  Mr.  J.  C.  Mellis,  C.  E. 

In  considering  every  system  for  deal- 
ing with  sewage,  it  is  desirable  that  the 
question  should  be  regarded  as  a  means 
of  enabling  sanitary  authorities  to  over- 
come the  great  and  increasing  difficulty 
in  the  disposal  of  their  sewage  refuse  at 
the  least  cost,  rather  than  as  one  for 
making  money  out  of  sewage,  which  has 
been  too  much  aimed  at,  and  has  thereby 
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Bead  at  the  Sanitary 


thrown  back  sanitary  improvement  con- 
siderably. 

In  the  course  of  the  writer's  experience 
in  advising  with  reference  to  precipitation 
works  and  systems,  he  has  seen  more  and 
more  clearly  that  sulphate  of  alumina 
aided  by  milk  of  lime  proves  the  most 
efficient  agent  to  comply  with  the  before- 
mentioned  conditions  for  purifying  sew- 
age. This  he  has  now  advanced  upon, 
inasmuch  as  he  has  discovered  that  the 
efficiency  of  sulphate  of  alumina  is  greatly 
increased  by  the  presence  of  some  proto- 
sulphate  of  iron,  which  apparently  pro- 
duces results  altogether  out  of  proportion 
to  its  chemical  equivalent  (the  salts  of 
iron  being  known  to  chemists  as  purifiers 
of  foul  fluids),  the  proportions  varying 
with  the  composition  of  the  sewage,  but 
their  combination  having  a  marked  sani- 
tary and  economic  advantage. 
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Practical  data  on  a  large  scale  have 
already  been  obtained  at  the  sewage  pre- 
cipitation works  of  the  Rivers  Purifica- 
tion Association  (to  whom  the  writer  is 
engineer)  at  Coventry  and  Hertford, 
where  the  improved  system  of  working 
has  been  adopted  with  complete  financial 
and  sanitary  success.  The  process  pre- 
viously employed  at  these  places  was  (as 
is  well  known  with  reference  to  Coventry) 
crude  sulphate  of  alumina  and  milk  of 
lime,  which  gave  results  admittedly  of  a 
highly  satisfactory  kind.  The  addition 
of  the  salts  of  iron  has,  however,  led  to 
the  production  of  an  excellent  effluent, 
and  at  a  cost  even  less  than  previously. 

The  employment  of  this  combination 
has  also  resulted  in  the  tanks  and  the 
sludge  being  deprived  of  the  slight  smell 
hitherto  noticeable  at  times.  The  eco- 
nomic results  attending  this  compound 
system  of  precipitation  will  be  recognized 
when  the  writer  states  that,  at  the  Coven- 
try Sewage  Works  the  purification  of  the 
very  foul  sewage  (containing  between  six 
and  seven  grains  of  chlorine  per  gallon, 
and  between  twelve  and  thirteen  parts 
per  million  of  albuminoid  ammonia,  with 
a  large  amount  of  dye  from  the  manufac- 
tories) is  now  accomplished  for  £1  Is.  6d. 
per  million  gallons. 

At  Hertford  the  improved  system  of 
working  has  been  applied  with  equally 
satisfactory  results. 

The  way  to  dispose  of  the  sludge  from 
precipitation  works  has  long  engaged  the 
attention  of  the  writer.  Artificial  heat 
will  accomplish  it,  and  several  ingenious 
appliances  have  been  devised  for  this  pur- 
pose. The  cost,  however,  is  heavy,  and 
the  value  of  the  resulting  manure  is  not 
yet  sufficiently  established  to  justify  its 
employment  on  commercial  grounds. 

The  writer  has  now  adopted  the  sys- 
tem of  removing  the  water  from  the 
sludge  by  means  of  filter-presses,  and 
he  has  devised  a  simple  application  to 
economically  effect  this. 

This  press,  which  is  founded  on  an  old 
and  well-known  Belgian  apparatus  for 
filtering  impure  liquids,  by  means  of  a 
combination  of  discs  with  filtering-cloths 
on  their  surface,  has  been  arranged  in 
order  to  economize  labor  and  time  in 
working,  so  that  the  discs  open  and  shut 
automatically,  by  which  the  pressed 
sludge  is  removable  quickly  and.  with- 
out disturbing  the  filtering-cloths.     The 


fluid  sludge  is  thus  converted  rapidly 
and  economically  into  the  form  of  cakes, 
and  the  drying  can  be  further  carried  on 
to  any  desired  length,  either  by  exposure 
to  the  air  or  otherwise.  The  difficulty 
hitherto  experienced  in  disposing  of  the 
sludge  to  farmers  for  utilization  upon 
land  is  thus  got  over,  as  the  writer  has 
found  that  there  is  no  difficulty  in  selling 
the  sludge  from  the  process  he  is  refer- 
ring to,  provided  it  is  made  portable. 
The  theoretical  value  assigned  to  sludge 
from  the  writer's  process  is,  according  to 
chemists,  16s.  9d.  a  ton  if  it  contains  about 
50  per  cent,  of  moisture,  or  27s.  a  ton  if 
dried  down  to  15  per  cent,  of  moisture. 


It  is  very  well  known  to  those  who  have 
traveled  in  the  Alps,  that  the  inhabitants 
believe  that  avalanches  rarely  fall  when 
the  sky  is  overcast,  but  that  they  do 
so,  frequently,  when  the  sky  grows 
clear.  In  winter  the  monks  of  St. 
Bernard  always  urge  travelers  not  to 
leave  the  monastery  when  the  sky  is 
clearing,  and  many  times  those  who  have 
neglected  that  advice  have  fallen  victims 
to  their  imprudence.  M.  Dufour,  in  a 
paper  read  before  the  Paris  Academy  of 
Sciences,  endeavors  to  explain  the  phe- 
nomenon by  reference  to  the  contraction 
and  decrease  of  strength  of  snow  and  ice 
under  decrease  of  temperature.  "  In  cold 
weather,"  he  says,  "when  the  sky  clears 
off  the  temperature  falls,  especially  just 
before  sunrise,  and  then  the  filaments  of 
ice  which  retain  the  snow  on  the  slopes 
of  the  mountains  contract  and  snap,  the 
mass  begins  to  slide,  and  draws  others 
in  its  train;  for  the  slightest  cause  of 
movement,  a  shout  or  the  smallest  shock 
may  cause  the  fall  of  enormous  ava- 
lanches." A  circumstance  of  which  M. 
Dufour  was  a  witness  confirmed  him  in 
his  views.  A  meadow  of  several  acres  in 
extent  had  been  prepared  at  Morges  for 
skaters  by  covering  it  with  water,  which 
froze  while  the  heavens  were  covered. 
One  night  the  sky  cleared  off,  and  M. 
Dufour  noticed  a  sensible  fall  in  the  ther- 
mometer. Immediately  afterwards  he 
heard  crackings  in  all  directions,  due  to 
the  contraction  of  the  ice  from  the  in- 
creased cold,  and  numerous  splits  were 
observable.  That  phenomenon  is  pre- 
cisely analogous  to  what  occurs  when  the 
heavens  clear  up  and  cause  the  fall  of 
avalanches. 
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Written  for  Van  Nostrand's  Magazine. 


I. 


1.  Introductory. — In  1824  Carnot  * 
laid  the  foundation  of  the  modern  theory 
of  Thermodynamics  in  the  principle  that 
when  a  heat  engine  performs  work  con- 
tinuously in  such  a  manner  that  the  work- 
ing substance  returns  periodically  to  its 
initial  condition  as  to  temperature,  press- 
ure, etc.,  then  during  each  of  these  periods 
or  cycles,  the  working  substance  must 
receive  heat  at  a  higher  and  reject  it  at  a 
lower  temperature;  and  that  the  work 
done  in  the  cycle  depends  in  no  way  upon 
the  working  substance,  but  only  upon  the 
temperatures  at  which  the  heat  is  re- 
ceived and  rejected. 

He  further  showed  that  the  cycle  of 
maximum  efficiency,  between  two  given 
temperatures,  is  that  in  which  all  the 
heat  received  by  the  working  substance 
is  received  at  the  higher  temperature, 
and  all  the  heat  rejected,  is  rejected  at 
the  lower  temperature.  And  hence,  such 
a  cycle  is  termed  a  cycle  of  Carnot. 

Carnot  provisionally  accepted  the  hy- 
pothesis that  heat  or  caloric  is  an  inde- 
structible material  substance,  but  he 
evidently  regarded  this  as  a  doubtful 
hypothesis. 

This  error  vitiated  his  reasoning  in 
several  regards;  in  particular,  he  sup- 
posed the  amounts  of  heat  received  and 
rejected  to  be  equal,  as  they  must  be,  if 
heat  is  a  substance ;  but  the  points  above 
enumerated  stand  to-day  as  a  part  of 
accepted  scientific  truth. 

In  1834,  Clapeyron  |  pointed  out  the 
fact,  that  Watt's  diagram  of  energy  is  a 
geometrical  expression  of  the  quantities 
involved  in  the  cycles  treated  by  Carnot. 
But  it  was  not  possible  to  treat  the 
cycles  of  Carnot  with  entire  correctness, 
until  the  nature  of  heat  itself  had  been 
discovered. 

As  early  as  1798,  Rumford  %  had  an- 
nounced, as  the  result  of  his  experiments 
in  boring  cannon,  that  heat  cannot  be  a 
substance,  and  that  it  was  quite  impossi- 
ble for  him  to  conceive  it  to  be  anything 

*  Reflexions  snr  la  puissance  du  feu,  et  sur  les  machines 
piopres  a  developper  cette  puissance,  par  Sadi  Carnot. 
Paris,  1824. 

t  Journal  del'Ecole  Polytechnique,  tome  XIV. 
Philosophical  Transactions,  1798. 


except  motion ;  but  it  was  not  until  1840, 
or  later,  that  it  was  proved  with  entire 
completeness,  by  the  laborious  and  elab- 
orate series  of  experiments  of  Joule,  that 
heat  is  energy. 

In  1850,  Clausius*  first  made  use  of 
Carnot's  investigations,  as  the  point  of 
departure  for  a  correct  theory  of  ther- 
modynamics, in  accordance  with  the  law 
of  the  equivalence  of  heat  and  energy. 

Clausius  f  has  stated  Carnot's  princi- 
ple, thus  corrected,  substantially  as  fol- 
lows: 

Whenever  a  quantity  of  heat  is  con- 
verted into  work,  and  the  working  sub- 
stance is  finally  found  in  its  initial 
condition,  another  quantity  of  heat 
must,  during  the  cycle,  be  transferred 
from  a  hotter  body  or  source,  to  a  colder 
body  or  refrigerator;  and  the  amount  of 
the  heat  so  transferred,  depends  only  on 
the  temperatures  of  the  two  bodies  be- 
tween which  the  transfer  is  effected,  and 
not  on  the  nature  of  the  body  through 
which  the  transfer  is  effected. 

This  is  Carnot's  principle,  and  is  a 
direct  consequence  of  the  second  law  or 
principle  of  thermodynamics,  which  will 
be  subsequently  demonstrated.  It  is 
often  incorrectly  spoken  of  as  being 
itself  the  second  principle. 

In  1849,  however,  Rankine  had  derived 
the  general  equation  of  the  mechanical 
action  of  heat  from  mechanical  consider- 
ations based  on  his  "hypothesis  of  mole- 
cular vortices,"  as  to  the  constitution  of 
matter. 

The  theory  of  heat  was,  during  the 
next  few  years,  very  fully  worked  out 
and  applied  by  the  independent  investi- 
gations of  Rankine,  Clausius  and  Thom- 
son, each  of  whom  has  sought  to  deduce 
Carnot's  cycle  (and  hence  the  general 
equation  of  thermodynamics)  from  some 
physical  axiom  or  hypothesis.  We  shall 
discuss  these  hereafter,  and  wish  merely 
to  state  in  this  connection,  that  in  1853,. 


*  Poggendorff's  Annalen,  1860. 
t  Pogg.  Ann.,  1864,  Vol.  XCIII. 
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Rankine  *  announced  a  general  law  of 
energy,  which  seems  to  afford  a  better 
basis  for  the  theory  of  thermodynamics 
than  any  other  axiom  or  hypothesis  here- 
tofore proposed. 

But  being  apparently  much  absorbed 
in  his  molecular  hypotheses,  he  has  neg- 
lected to  sufficiently  enforce  and  explain 
this  most  valuable  conception.  As  a  con- 
sequence, the  more  abstruse  and  less  use- 
ful, though  more  fully  explained,  axioms 
of  Clausius  and  of  Thomson,  furnish  the 
basis  of  every  published  treatment  of 
this  subject,  while  if  Rankine  is  referred 
to  at  all,  only  his  very  words  are  quoted, 
showing  that  their  scope  is  not  fully 
grasped. 

We  propose  in  the  following  treatment 
to  use  Rankine's  ideas  as  the  basis  of 
reasoning,  but  to  use  the  analytic  forms 
of  such  investigators  as  may  appear  con- 
venient, among  whom  may  be  mentioned, 
besides  Rankine,  Clausius  and  Thomson, 
the  more  recent  investigators  Maxwell, 
Zeuner,  Hirn  and  Boltzmann. 

The  reader  will  find  a  minute  historical 
statement  of  the  progress  of  the  dynami- 
cal theory  of  heat  in  Tait's  "  Sketch  of 
Thermodynamics,"  and  other  historical 
matter  in  Clausius'  Memoire,  in  Poggen- 
dorff's  Annalen,  Nov.,  1863,  Upon  an 
Axiom  in  the  Mechanical  Theory  of  Heat. 

2.  Work,  Energy,  Heat. — A  unit  of 
work  is  the  amount  of  work  performed  in 
raising  a  unit  of  weight  through  a  unit 
of  height  against  gravity. 

Energy  is  capacity  for  performing 
work,  and  is  measured  in  units  of  work. 

An  absolute  unit  of  heat  is  the  quantity 
of  heat  required  to  raise  a  unit  of  weight 
of  water  at  its  maximum  density  (39°. IF.) 
through  one  degree  of  temperature. 

3.  The  First  Law  of  Thermodynamics. — 
Heat  is  energy,  and  has  capacity  for  per- 
forming work,  so  that  the  number  of 
units  of  work  which  can  be  performed  by 
given  quantity  of  heat  is  proportional  to  a 
the  number  of  units  of  heat  in  that 
quantity. 

The  words  "  can  be  performed  "  in  this 
statement  refer  to  the  fact,  stated  in 
Carnot's  principle,  that  we  find  insur- 
mountable difficulties  in  attempting  to 
convert  all  of  a  given  quantity  of  heat 

*A  Manual  of  the  Steam  Engine  and  other  Prime 
Moyere,  art.  244. 


into  work,  but  the  part  of  any  given 
quantity  of  heat  which  we  do  succeed  in 
converting  into  work  is  so  converted  in 
as  real  and  exact  a  sense  as  that  in 
which,  water,  for  example,  is  converted 
into  steam. 

However,  there  is  no  such  intrinsic 
difficulty  in  converting  work  into  heat, 
and  the  results  of  Joule's  final  experi- 
ments he  has  stated  thus : 

1°.  The  quantity  of  heat  produced  by 
the  friction  of  bodies,  whether  solid  or 
liquid,  is  always  proportional  to  the  quan- 
tity of  work  expended. 

2°.  The  quantity  of  heat  capable  of  in- 
creasing the  temperature  of  a  pound  of 
water  (weighed  in  vacuo  and  taken  at 
between  55°  and  60°F.)  by  1°F.  requires 
for  its  evolution  the  expenditure  of  a 
mechanical  force  (i.e.  an  amount  of  work) 
represented  by  the  fall  of  772  lbs.  through 
the  space  of  one  foot. 

The  two  experimental  truths  which 
underlie  all  modern  physics  are  the  in- 
destructibility of  matter  and  of  energy ; 
which  may  be  otherwise  stated  by  saying, 
that  the  total  mass  of  the  universe  is 
constant,  and  the  total  energy  of  the  uni- 
verse, actual  and  potential,  is  also  con- 
stant. 

The  experimental  verification  of  the 
first  law  of  thermodynamics  was  a  princi- 
pal step  in  proving  the  indestructibility 
of  energy. 

From  this  first  law  we  see  that  heat 
may  be  measured  in  units  of  work  as  well 
as  in  absolute  units. 

4.  The  Second  Law  of  Thermodynamics.- 
Any  effect  whatever  which  is  caused  by 
heat,  and  which  is  measured  in  units  of 
work,  is  proportional  to  the  number  of 
units  of  heat  producing  that  effect. 

The  second  law  is  made  by  Rankine  to 
depend  upon  the  first  law  in  substantially 
the  following  manner : 

Heat  is  energy,  but  energy  is  a  thing  of 
such  a  nature  that  its  parts  are  like  the 
whole,  and  it  is  unchanged  in  any  particu- 
lar, except  in  magnitude,  by  subdivision 
or  by  multiplication ;  hence,  heat  also 
possesses  the  same  characteristics,  and 
any  effect  caused  by  heat  is  proportional 
only  to  the  amount  of  heat  acting,  pro- 
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vided  the  effect  is  measured  in  units  of 
work. 

This  is  otherwise  stated  by  saying  that 
the  effect,  so  measured,  of  any  given  quan- 
tity of  heat  is  the  siun  of  the  separate 
effects  of  any  parts  into  which  that  quan- 
tity of  heat  may  be  supposed  to  be 
divided. 

The  most  natural  conception  of  heat, 
and  one  which  assists  the  thought,  is  to 
regard  heat  as  the  energy  of  molecular 
or  atomic  motion. 

Various  attempts*  have  been  made  to 
derive  the  fundamental  equation  of  ther- 
modynamics resulting  from  the  second 
law  from  the  first  law,  by  known  me- 
chanical principles. 

But  Tait  says,f  respecting  these  at- 
tempts, that  they  virtually  assume,  in 
course  of  the  demonstration,  a  conse- 
quence of  the  law  to  be  proved,  and 
hence  are  inconclusive. 

Clausius  incidentally  referred  to  this 
matter  in  his  address  at  the  41st  meeting 
of  German  Naturalists  and  Physicists  at 
Frankfort  in  words  to  this  effect : 

"Besides,  there  is  a  second  principle, 
which  is  not  yet  contained  in  the  first, 
but  requires  a  special  demonstration." 

Rankin  e  however  states]:  that  "  Carnot's 
principle  (i.e.,  the  second  principle)  is 
not  an  independent  principle  in  the 
theory  of  heat,  but  is  deducible  as  a  con- 
sequence from  the  equations  of  the  mu- 
tual conversion  of  heat  and  expansive 
power "  (i.e.,  from  the  first  principle). 
The  demonstration  of  this  which  he  has 
given  rests  upon  Iris  hypothesis  of  mo- 
lecular vortices. 

So  far  as  can  be  now  seen  the  demonstra- 
tion of  the  second  law  above  given,  which 
is  dependent  only  upon  the  known  prop- 
erties of  energy,  and  which  is,  simply,  one 
case  of  a  like  proposition,  enunciated  by 
Rankine,  respecting  energy  in  general,  is 
valid  and  complete,  and  obviates  the 
necessity  of  any  intricate  analytic  pro- 
cesses which  must  of  necessity  assume  the 
molecular  constitution  of  matter  in  some 
general  way  at  least. 


*  The  second  proposition  of  the  Mechanical  Theory  of 
Heat  deduced  from  the  First,  by  C.  Szily.  Philosophical 
Magazine,  Jan.,  1876. 

On  the  Second  Law  of  Thermodynamics  in  Connection 
with  the  Kinetic  Theory  of  Gases,  by  H.  S.  Burbury. 
Phil.  Mag.  Jan.,  1876. 

Boltzmann,  Sitzungsberichte  der  Weiner  Akad.  Vol. 
LXIII. 

t  Sketch  of  Thermodynamics,  2d  Edition,  Edinburgh, 
1877,  p.  38. 

t  Phil.  Mag.  Series  IV,  Vol.  VII. 


It  is  to  be  further  noted  in  this  con- 
nection that  universal  experience  attests 
the  fact  that  heat,  from  whatever  source, 
is  identical  in  its  general  nature  and 
properties,  just  as  energy  is,  which  fact 
is  confirmatory  of  the  above  demonstra- 
tion. 

It  is  to  be  understood  that  the  necessity 
for  the  existence  of  the  second  law  is  to 
afford  a  basis  for  Camot's  principle,  pre- 
viously stated,  and  that  any  truth  which 
affords  such  a  basis  is  called  the  second 
law. 

5.  Other  Forms  or  the  Second  Law. — 
It  may  be  useful  to  consider  briefly  two 
other  statements  of  the  second  law  which 
are  proposed  as  physical  axioms  and  are 
intended  to  command  our  assent  from 
their  self  evident  truth. 

1°.  "Heat  cannot  of  itself  pass  out  of  a 
colder  into  a  hotter  body."  (Clausius, 
1850).  This  axiom  does  not  contradict 
Prevost's  Theory  of  Exchanges,  but 
simply  states  that  in  the  exchange  of 
heat  between  two  bodies  the  colder  body 
will  receive  more  than  the  hotter  body. 
Clausius  has,  subsequently,  restated  it 
thus :  "It  is  impossible  for  a  self-acting 
machine,  unaided  by  any  external  agency, 
to  convey  heat  from  one  body  to  another 
at  a  higher  temperature." 

2°.  "It  is  impossible,  by  means  of 
inanimate  material  agency,  to  derive 
mechanical  effect  from  any  portion  of 
matters  by  cooling  it  below  the  tempera- 
ture of  the  coldest  of  the  surrounding 
objects.     (Thomson  1851). 

All  that  can  be  said  respecting  these 
proposed  axioms  is,  that  they  are  not 
self  evident,  and  so  are  not  axioms  at  all. 
Indeed,  Clausius  *  has  devoted  a  long 
memoir  to  showing  that  the  action  of 
lenses  in  concentrating  rays  of  heat  will 
not  probably  vitiate  his  axiom. 

Besides  these  axioms,  various  molecu- 
lar hypotheses  have  been  advanced,  from 
which  Carnot's  principle  has  been  derived. 

1°.  Hypothesis  of  Molecular  Vortices. 
(Rankine,  1849). 

2°.  Hypothesis  of  Circulating  Streams 
of  any  figure  whatever.  (Rankine,  1851 
and  1855)  f. 

3°.  Hypothesis  of  Periodic  Motions. 
(Boltzmann,  18664) 

4°.  Hypothesis  of  Quasi-Periodic  Mo- 


«  Pogg.  Ann.,  January,  1864.    Vol.  CXXI. 

t  Phil.  Mag.  series  IV,  Vol.  XXX. 

* Sitzumgsberichte  der  Weiner  Akademie,  Vol.  LIII. 
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iions.     (Clausius,    1871  f    and   more   re- 
cently). 

THE    THIRD    LAW    OF    THERMODYNAMICS. 

6.  The  quantity  of  heat  existing  in  a 
unit  of  weight  of  a  given  substance 
depends  only  on  the  temperature  of  the 
substance,  and  this  quantity  of  heat  is 
proportional  to  the  absolute  temperature 
of  the  substance;  i.  e.,  the  quantity  of 
heat  is  proportional  to  the  difference 
between  its  temperature  in  its  present 
state,  and  its  temperature  when  in  a  state 
devoid  of  heat-energy. 

This  law  may  be  regarded  either  as  an 
axiom,  or  as  defining  the  method  to  be 
adopted  in  measuring  temperature. 

That  there  is  a  condition  in  which  any 
substance  is  devoid  of  energy  in  the 
form  of  heat  must  be  admitted,  unless 
we  can  regard  the  heat-energy  of  a  unit 
of  any  substance  whatever  as  inexhaust- 
ible. 

All  the  difficulties  which  have  hereto- 
fore attended  the  demonstration  of  the 
second  law  have  equally  beset  the  defi- 
nition of  temperature. 

Rankine  f  would  restrict  the  third  law 
by  making  it  read,  "the  quantity  of  heat 
existing  in  a  unit  of  weight  of  a  given 
substance,  while  it  remains  in  the  same 
condition,  solid,  liquid  or  gaseous,  de- 
pends only  on  its  temperature,"  etc.,  etc; 
but  Clausius  £  has  shown  that  Eankine, 
from  his  own  principles,  would  be  obliged 
to  remove  that  restriction,  and  agree  that 
the  quantity  of  sensible  heat  in  a  body 
does  not  depend  upon  the  state  of  aggre- 
gation, solid,  liquid,  or  gaseous  in  which 
it  is. 

Clausius  %  has  also  shown,  that  this 
third  law  is  a  consequence  of  Carnot's 
principle,  and  to  this  demonstration  we 
may  recur  after  we  have  discussed  that 
principle. 

Indeed,  so  called  axioms  have  been 
proposed  as  the  basis  of  Carnot's  princi- 
ple, which  include  at  once  both  the  second 
law  and  the  third  also ;  viz : — 

1°.  "The  mechanical  work"which  heat 
-can  perform  in  any  change  of  arrange- 
ment of  the  parts  of  a  body,  is  propor- 
tional to   the   absolute    temperature   at 


*  Pogg.  Ann.  Vol.  CXLII. 

t  Steam  Engine,  p.  30T,  7th  Ed. 

t  Pogg.  Ann.,  November,  1863,  VoL  CXX. 


which  the  change  takes  place."  (Clau- 
sius.*) 

By  "change  of  arrangement  of  the 
parts  of  a  body"  is  meant  expansion, 
fusion  or  vaporization,  or  the  reverse  of 
either  of  these,  as  well  as  chemical  de- 
composition; and  the  words  "can  per- 
form" refer  to  the  case  in  which  such 
variations  of  state  are  effected  in  a  re- 
versible manner,  i.e.  there  is  no  radiation 
or  conduction  or  the  like. 

2°.  "If  the  temperature  be  infinitesimal, 
the  quantity  of  energy  (in  the  form  of 
heat)  converted  into  work  by  an  isother- 
mal transformation  must  likewise  be 
infinitesimal."     (Belpaire.f) 

Thompson,!  however,  evades  this  diffi- 
culty by  proposing  a  definition  of  tem- 
perature dej>endent  upon  Carnot's  princi- 
ple, and  it  appears  that  this  highly 
philosophic  basis  for  the  scale  of  tem- 
peratures would  hardly  differ  perceptibly 
from  that  derived  from  the  third  law  ; 
but  the  practical  graduation  of  an  instru- 
ment on  the  basis  of  Carnot's  principle 
has  not  been  yet  accomplished  by  reason 
of  the  physical  difficulties  encountered 
in  the  process. 

The  foregoing  remarks  convey  no  ade- 
quate idea  of  the  extent,  originality  and 
importance  of  the  labors  of  Thomson  and 
of  Clausius,  but  as  no  physicist  is  igno- 
rant of  their  great  discoveries  in  this 
and  kindred  fields,  it  is  not  necessary  to 
deal  further  with  the  subject  in  this  con- 
nection. 

7.  Transformations  of  Heat. — When 
heat  is  imparted  to  a  body,  there  are  in 
general  three  ways  in  which  the  energy 
of  the  heat  is  expended. 

1°.  Temperature  is  augmented,  and 
the  part  of  the  heat  so  expended  still  ex- 
ists in  the  substance   as  sensible  heat. 

This  is  explained  on  the  molecular 
theory  of  matter  as  actual  energy  of 
motion  of  molecules. 

2°.  Internal  work  is  performed  during 
the  expansion  or  contraction  accompany- 
ing the  change  of  temperature. 

On  the  molecular  theory  this  is  regard- 
ed aswork  performed  against  atomic  or 
molecular  forces  in  causing  fusion,  vapor- 
ization, dissociation  or  the  like,  or  in  pre- 
paring the  body  for  such  changes. 

Work  so  expended  is  no  longer  heat, 


*  Pogg.  Ann.,  1S62,  Vol.  CXVI. 
t  Bulletin de  Belg,  1ST2. 
t  Phil.  Mag.,  1S4S. 
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and  does  not  affect  the  thermometer,  and 
hence  is  called  potential  or  latent  heat. 
Although  latent  heat,  not  being  heat  at  all, 
is  a  misnomer,  it  is  nevertheless  conven- 
ient to  retain  this  tei-m  which  expresses 
a  part  of  the  exploded  hypothesis  of  the 
materiality  of  caloric. 

3°  External  work  is  performed  by  the 
heat  during  expansion  or  contraction, 
under  the  action  of  external  forces  such 
as  pressure.  The  heat  which  is  thus 
converted  into  work  is  stored  up  as  po- 
tential energy  of  the  external  bodies 
which  exert  pressure  upon  the  substance 
to  which  heat  is  imparted. 

The  first  two  forms  of  energy  together 
constitute  the  increment  of  the  internal 
energy,  actual  and  potential,  in  contrast 
with  the  last  which  is  the  external  work. 

The  last  two  forms  of  energy  together 
constitute  the  increment  of  the  so-called 
latent  heat  or  potential  energy,  in  con- 
trast with  the  first  which  is  the  increment 
of  the  actual  (sensible)  heat  or  actual 
energy. 

In  order  to  express  these  statements 
as  equations,  let  the  following  quantities 
be  expressed  in  units  of  work,  as  they 
evidently  can  be  by  the  first  law. 

Let  dh  =  the  total  increment  of  heat  im- 
parted to  a  unit  of  a  given  sub- 
stance. 

"  rfs=the  part  of  dh  which  increases 
its  sensible  heat  or  tempera- 
ture. 

"  d/?j=the  part  of  dh  expended  in  doing 
internal  work  against  molecular 
forces. 

"  dw =the  part  of  dh  expended  in  doing 
external  work. 

"     di= the  increment  of  internal  energy. 

"     dl=the  increment  of  latent  heat. 
Then, 


These  equations  evidently  refer  to  a  unit 
of  any  substance,  homogeneous  or  other- 
wise, or  to  any  mixture  whether  under- 
going fusion,  solidification,  vaporization, 
condensation,  dissociation,  or  any  change, 
chemical  or  otherwise. 

8.  Specific  Heat. — The  total  quantity 
of  heat  which  must  be  imparted  to  a  unit 


di=ds  +  dm      .     . 

•  (1) 

dl=dm  +  die     .    . 

•     (2) 

dh=ds  +  dm  +  dw  . 

•  (3) 

dh=:di  +  dic     .     .  -  . 

•     (4) 

dh=ds  +  dl        .     .     . 

.  (5) 

of  weight  of  a  given  substance  in  order 
to  augment  its  temperature  by  1°,  or 
the  total  quantity  rejected  in  decreasing 
its  temperature  by  1°  is  its  specific  heat. 
This  is  usually  expressed  in  absolute 
units,  but  for  convenience  we  shall  sup- 
pose it  expressed  in  units  of  work  ac- 
cording to  the  first  law. 

Oalorimetric  determinations  of  this 
quantity  are  readily  made  for  any  given 
substance  under  given  conditions  of 
pressure  and  temperature.  •  If  equation 
(3)  be  considered  for  the  moment  to  ap- 
ply to  the  case  of  a  unit  of  a  given  sub- 
stance which  is  increased  1°  in  tempera- 
ture, then  the  only  one  of  the  four  quan- 
tities in  that  equation  which  is  fixed  by 
that  statement  is  ds,  for  the  others  will 
depend  upon  the  change  of  volume  and 
the  pressure,  but  by  the  third  law  ds  is 
invariable  and  independent  of  any  con- 
sideration except  temperature  and  the 
kind  of  substance.  Hence  this  part  of 
the  specific  heat  is  called  the  real  specific 
heat,  or  the  true  calorific  capacity  of  the 
substance. 

Let  s=the  total  sensible  heat  in  a  unit  of 
weight  of  a  given  substance. 
"   &=its  real  specific  heat. 
"    £=its  absolute  temperature. 

As  before  stated,  absolute  temperature 
is  counted  from  such  an  origin  as  zero, 
that  its  temperature  vanishes  with  its 
sensible  heat. 

s 

t 


By  the  third  law, 


:k 


(6) 


as 
dt 


ds 


dt 

T 


(7> 


Equations  (7)  may  also  be  written  in  tha 
following  forms  : 


L  —  t, 


:k, 


t-t 

t 


=  _»-— L    .     .     .     (8) 


in  which  the  subscripts  1  and  2  refer  to 
any  two  states  of  the  substance.  Equa- 
tions (7)  and  (8),  which  do  not  contain 
k,  the  specific  heat  of  the  given  sub- 
stance, are  general  and  refer  to  any  sub- 
stance whatever. 

It  is  now  evident  that  the  third  law 
may  also  be  stated  in  this  form : 

Equal  increments  of  sensible  heat  im- 
parted to  any  given  substance  cause  equal 
increments  of  temperature. 
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9.  Thermometers. — It  is  well  known 
that  the  mercurial  and  other  solid  and 
fluid  thermometers  are  inaccurate,  be- 
cause the  expansions  by  which  they 
measure  variations  of  temperature  are 
not  uniform;  at  least,  they  are  inaccu- 
rate on  the  hypothesis  that  equal  expan- 
sions are  caused  by  equal  variations  of 
temperature,  for,  on  that  hypothesis, 
thermometers  made  of  different  sub- 
stances give  discordant  results.  But 
with  air  thermometers,  the  case  is  differ- 
ent. Air  is  very  nearly  a  perfect  gas. 
The  definition  of  a  perfect  gas  is  one 
that  fulfills  the  Law  of  Gay  Lussac,  a 
law  expressed  by  the  equation 


pv 
T 


t. 


(9) 


in  which  p,  v,  t,  are  respectively  the 
pressure,  volume  and  temperature  of  the 
gas  at  any  state,  and  pu,  vt,  t0,  at  same 
assumed  initial  state. 

In  an  air  thermometer  we  read,  by  a 
scale,  the  expansion  of  a  confined  mass 
of  air,  which  expansion  is  caused  by 
change  of  temperature,  and  is  effected 
against  a  constant  external  pressure.  It 
is  easily  seen  that  under  all  circum- 
stances, we  have  the  general  equation 

dw=pdv     ....         (10) 

in  which  dv  =  the  expansion  or  increment 
of  volume. 


By  (9),  dw—pdv- 


PqVq 


dt 


do      »„y„ 

—  =  ^-  °  =&  constant 
dt       pt 


(11) 
(12) 


Hence,  in  this  thermometer,  since  p  is 
constant,  equal  increments  of  tempera- 
ture, as  defined  by  the  third  law,  cause 
equal  expansions. 

10.  Isothermal  and  Adiabatic  Lines. — 
Let   Fig.  1  be  a  diagram  in  which   the 


different  states  of  a  unit  of  weight  of  a 


given  substance  are  represented  graphi- 
cally by  its  volume  v  and  pressure  p,  just 
as  is  done  by  the  Indicator  Diagram  of 
the  steam  engine.  This  is  a  matter  so 
commonly  understood  that  it  is  not 
necessary  here  to  explain  it  in  detail. 
Let  tlt1  be  the  isothermal  of  the  given 
substance  at  the  temperature  t,,  i.e.  t1t1  is 
a  line  such  that  when  a  point  moves 
along  it,  the  co-ordinates,  v  and  p  of  the 
point,  correctly  represent  the  magnitudes 
of  volume  and  pressure  of  the  substance,, 
in  case  the  temperature  t1  is  unchanged. 

Similarly  let  U  be  any  other  isothermal. 
Again,  let  e1e1  be  an  adiabatic,  i.e.,  a  line 
representing  in  the  same  manner  the  v 
and  p  of  successive  states  of  the  sub- 
stance, on  condition  (not  that  tempera- 
ture is  constant  but)  that  no  heat  is  im- 
parted to  the  substance  or  taken  from  it. 
Similarly  let  eae2  be  any  other  adiabatic. 

The  forms  of  the  isothermal  s  and  the 
adiabatics  for  any  given  substance  canv 
in  general,  be  found  from  experimental 
data  only,  but  we  shall  show  subsequent- 
ly how  to  make  the  equations  of  these 
curves  depend  upon  a  very  small  num- 
ber of  such  data. 

If  a  substance  expand  along  exelt  then 

by  (5)  dh=0,  .:  dl=—ds=dm  +  dw  .  (13) 

Hence  during  such  expansion  sensible 
heat  is  withdrawn  from  the  substance 
and  expended  in  doing  work  external 
and  internal.  Now  suppose  successive 
isothermals  to  be  drawn  at  a  distance  of 
1°  from  each  other,  it  then  appears  from 
(8)  that  the  same  quantity  of  heat  disap- 
pears, or  is  withdrawn  from  the  total 
sensible  heat  of  the  substance  every  time 
it  passes  from  one  isothermal  to  the  next 
lower  isothermal,  however  that  passage 
be  effected,  whether  along  an  adiabatic 
or  not. 

If  a  substance  is  made  to  pass  along 
an  adiabatic  no  heat  is  imparted  to  or 
withdrawn  from  the  substance  by  sur- 
rounding bodies,  but  if  the  passage  oc- 
curs along  any  other  line,  then  heat  is 
also  imparted  to  or  rejected  from  the- 
working  substance  in  the  form  of  heat 
Suppose,  as  a  most  important  example,, 
that  the  substance  expands  along  an 
isothermal,  then  heat  must  be  supplied 
to  it  in  order  to  preserve  the  temperature 
t  unchanged.  Now  since  t  is  constant, 
in  the  variation  supposed,  the  total  sen- 
sible heat  is  constant  also,  by  the  third 
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law,  as  expressed  in  (8).     Hence  in  this 
-case 

ds=0,  .-.  dh=dl=dm  +  dw  .  .  (14) 

Hence  it  appears  that  the  heat  im- 
parted along  an  isothermal  is  all  ex- 
pended in  performing1  work,  external  and 
internal. 

But  h,  the  total  heat  imparted  to  the 
substance  during  its  expansion  along  t 
from  the  adiabatic  el  to  e2,  is  measured 
in  units  of  work  by  the  area  included  be- 
tween the  curves  ex  t  e2,  as  appears  from 
the  fact  that  if  the  substance,  by  help  of 
the  heat  imparted,  be  carried  along  t  from 
•ex  to  e2  and  then  left  to  expand  along  e2 
until  devoid  of  heat-energy,  it  will,  during 
these  two  operations,  perform  an  amount 
-of  external  work  greater  by  the  area  in- 
cluded between  ex  t  <s2  than  if  left  to  ex- 
pand along  ex  from  its  initial  state  at  the 
intersection  of  ^  and  ex  until  devoid  of 
energy. 

In  general,  the  amount  of  heat  impart- 
ed to  a  substance  in  order  to  carry  it 
along  any  route  x  from  the  state  1  to  the 
state  2  is  measured  in  units  of  work  by 
the  area  included  between  x  and  the  two 
adiabatics  ex  and  e2  infinitely  extended, 
which  pass  through  1  and  2  respectively. 

Now  suppose  two  isothermals  drawn 
very  near  together,  the  first  at  a  tempera- 
ture t,  the  second  at  a  temjierature  t  +  dt, 
then  the  amount  of  heat  h  required  to 
carry  the  substance  along  t  from  the 
adiabatic  ex  to  another  adiabatic  e2  at 
some  finite  distance  from  ex,  is  not  so 
great  as  the  amount  of  heat  h  +  dh  re- 
quired to  carry  it  along  t  +  dt  from  et  to 
■e2  by  an  amount  represented  in  units  of 
work  by  the  area  of  the  quadrilateral  in- 
cluded between  the  lines  t,  e1?  t  +  dt  arid 

The  cause  requiring  a  larger  supply 
of  heat  along  t  +  dt  than  along  t  can  only 
be  found  in  the  higher  temperature  (i.  e., 
the  greater  amount  of  sensible  heat)  ex- 
isting in  the  substance  along  t  +  dt. 
Hence  this  is  a  case  to  which  the  second 
law  applies 


h  +  dh  :  h  :  :  s  +  ds  :  s     .     . 

■     (15) 

dh     as       ,      ,_    dh    dt 

A  =7' ••■  by  (7)'  77=  T    • 

•      (16) 

\         t,    '  or  h  ~  t     • 

•     (17) 

From  these  equations  it  appears  that 
the  amount  of  heat  required  in  order  to 
carry  a  substance  along  an  isothermal 
from  one  adiabatic  to  another  depends 
ivpon  which  isothermal  it  is,  and  the 
amount  required  is  proportional  to  the 
absolute  temperature. 

11.  Definition  or  Entropy. — During 
any  small  variation  in  the  state  of  a  unit 
of  a  given  substance,  i.e.,  during  its  pass- 
age along  any  short  distance  of  any 
route  whatever: 

Let    £=the  mean  absolute  temperature. 

"  dh=-the  heat  imparted. 

"    de=the  entropy  imparted. 

Then  dh=tde     ......      (18) 

is  the  equation  which  defines  entropy 
Entroj^y,  which  may  be  roughly  defined 
as  "heat  divided  by  temperature,"  plays 
a  very  important  role  in  thermody- 
namics, which  fully  justifies  its  introduc- 
tion as  one  of  the  variables  to  be  used 
in  expressing  the  state  of  a  substance. 
Entropy  has  been  used  by  Tait,  Thomson, 
Maxwell  and  others,  with  an  entirely  dif- 
ferent signification,  but  the  term  is  here 
used  in  the  sense  originally  given  it  by 
its  inventor  Clausius*.  It  is  identical  in 
meaning  with  Rankine's  "  thermodynamic 
function  "  and  Zeuner's  "thermic  weight." 

12. — The  Law  of  the  Variation  of 
Entropy. — The  amount  of  entropy  which 
must  be  imparted  to  a  unit  of  weight  of 
a  given  substance  in  order  to  make  it 
pass  from  one  given  state  to  another  (of 
volume  and  pressure)  is  independent  of 
the  route  by  which  the  passage  is  effect- 
ed, and  depends  only  on  the  initial  and 
final  states  of  the  substance. 

For  let  two  points  be* selected  on  a 
diagram  of  volumes  and  pressures  which 
shall  represent  the  two  given  states,  and 
let  them  be  designated  by  1  and  2.  Also 
let  there  be  two  routes  from  1  to  2  which 
are  represented  by  any  two  curves  x  and 
y.  Moreover  let  the  curves  x  and  y  be 
cut  by  a  series  of  isothermals  and  of 
adiabatics  drawn  at  any  equal  or  unequal 
small  distances  from  each  other.  Then 
the  variations  of  state  which  occur  along 
the  route  x  can  be  represented  as  exactly 
as  we  please,  by  a  series  of  infinitesimal 

*  Pogg.  Aim.  1865,  Vol.  CXXV. 
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variations  in  a  zigzag  manner  along  these 
isothermals  and  adiabatics,  and  the  same 
is  true  of  the  variations  of  state  along  y. 
Let  us  call  that  zigzag  route  x\  which 
nearly  coincides  with  x,  and  similarly 
that  one  y'  which  nearly  coincides  with 

y- 

Now  during  any  variations  along  adi- 
abatics either  on  x'  or  y',  we  have 

dh=0,         .:de=^=0,.    .    .    (19) 

hence,  during  such  variations,  entropy 
is  constant.  But  during  any  variation 
along  an  isothermal  in  the  route  x' 
between  a  pair  of  successive  adiabatics, 
we  know  by  (17)  that  dhX}  the  heat  im- 
parted is  proportional  to  tx  the  absolute 
temperature,  and  during  the  variation 
along  y'  between  the  same  pair  of  adia- 
batics dhVi  the  heat  imparted,  has  the 
same  ratio  to  ty  its  absolute  temperature. 

_dhx  _dhy 

tx  vi, 


Vy 


X~J  1   u  ~~J  1 


2  dh,. 


■/: 


dh 
T 


(20) 


which  expression  depends  only  on  the 
initial  and  final  states  of  the  substance. 

EQUI-DISTANT    ADIABATICS    AND    ISOTHERMALS. 


13.  By  art.  10, 


/*  —  K      t—t. 


(17) 


K  *, 

Let  the  difference  of  temperature  (or 
the  distance)  between  successive  isother- 
mals be  one  degree 

.-.  t-t=l  .....  (21) 

Also,  let  the  excess  of  heat  required  in 
order  to  make  the  substance  pass  along  t2 
from  e1  to  e2  above  that  required  in  order 
to  make  it  pass  along  tl  from  ex  to  e2  be 
one  unit  of  work, 

.-.  h-h=l  ....  (22) 
.-.  by  (17),   h=tv  K=t„,  and  h=t . .  (23) 

Hence,  the  successive  members  of  a 
system  of  adiabatics  may  be  fixed  in  such  a 
way  by  (21)  and  (22),  and  at  such  a 
distance  apart,  that  the  number  of  units 
of  heat  which  must  be  imparted  to  the 
working  substance  in  order  to  make  it 
pass  along  a  given  isothermal  from  any 
adiabatic  to  the  next,  is  numerically  the 
same  as  the  absolute  temperature. 


From  (22)  it  appears  that  the  quadri- 
lateral area  included  between  any  pair  of 
successive  adiabatics  and  any  pair  of  suc- 
cessive isothermals,  is  one  unit  of  work. 

By  (23),  h  =  t,  .:  h+t=l  ....  (24) 
Hence,  the  entropy  imparted  in  passing 
along  any  isothermal  whatever,  from  one 
adiabatic  of  this  system  to  the  next,  is 
unity.  But  the  passage  need  not  be 
restricted  to  an  isothermal,  for  along  an 
adiabatic 

dh=0    .-.  — =0  ....     (19) 

0 

Hence,  entropy  does  not  vary  along  an 
adiabatic,  hence  the  adiabatics  are  isen- 
tropics. 

The  successive  isothermals  should  be 
numbered  so  that  temperature  vanishes 
when  the  substance  is  without  sensible 
heat.  And  the  successive  adiabatics 
should  be  so  numbered  that  entropy 
vanishes  when  the  substance  has  no 
energy  actual  or  potential. 

14.  Integrating  Factor. — One  of  the 
factors  which  will  render  integrable 
every  differential  expression  for  the  heat 
imparted,  such  as  (3),  (4)  or  (5),  is  t~ x  . 
For  suppose,  as  in  art.  12,  that  there  are 
two  routes  x  or  x'  and  y  or  y'  leading 
from  1  to  2;  then,  as  shown  in  art.  10, 
the  heat  which  must  be  imparted  to 
make  the  substance  pass  from  1  to  2 
along  x,  is  the  area  included  between  the 
curves  e,  x  e2,  and  the  heat  imparted 
along  y  is  the  area  between  the  curves 
el  y  e2.     These  areas  are  not  in  general 

equal,  consequently  \~~\=ZJ    dh 

is  not  *in  general  integrable  until  the 
route  from  1  to  2  is  given,  for  its  value 
is  dependent  upon  that  route.     But  we 

have  shown  that  e2—e1=j    ir J  dh  . .  (20) 

is  not  dependent  upon  the  route  from  1 
to  2. 

But  any  differential  expression  which 
is  a  function  of  several  variables  and 
their  differential  coefficients,  and  which, 
when  integrated  between  assigned  limits, 
can  have  but  a  single  value,  and  this 
value  dependent  alone  upon  those  limits, 
is  therefore  a  differential  expression 
which  can  be  integrated  (i.e.,  summed) 
between  those  limits.  Hence,  such  an 
expression  fulfills  all  the  requirements  of 
integrability.      But   these    requirements 
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are  expressed  algebraically  by  the  so 
called  "equation  of  condition  of  integra- 
bility,"  which  holds  in  case  of  a  total  or 
exact  differential.  Hence,  (20)  is  an  inte- 
grable  expression,  and  t~ 1  dh  is  an 
exact  differential  which  fulfills  all  the 
conditions  of  integrability,  algebraic,  or 
otherwise  which  can  exist. 

It  is  possible  by  the  help  of  the  second 
law  to  show  algebraically,  that  t~l  is  an 
integrating  factor,  and  this  is  done  sub- 
sequently in  certain  cases ;  but  it  appears 
more  in  accordance  with  physical  reason- 
ing, to    show   why  t~ *  is   necessarily  an 


integrating  factor,  than  to  divert  the 
attention  to  the  forms  employed  in  the 
algebraic  process  for  proving  the  same 
thing.  The  foregoing  proof  is  that  usu- 
ally given  to  show  that  the  forces  which 
act  towards  the  fixed  centers  (as  do  the 
forces  of  nature)  have  always  a  definite 
potential,  or  force  function,  for  every 
point  of  space,  and  that  the  work  done 
against  such  forces  in  moving  a  particle 
from  1  to  2,  is  not  dependent  upon  the 
path.  This  matter  is  treated  in  detail  by 
Clausius.* 

*  Dingler's  Polytechnic  Journal,  Vol.  CL. 


TURBINE  WHEELS. 

ON  THE  INAPPLICABILITY  OF  THE  THEORETICAL  INVESTIGATIONS  OF  THE 
TURBINE  WHEEL,  AS  GIVEN  BY  RANKINE,  WEISBACH,  BRESSE  AND 
OTHERS,  TO  THE  MODERN  CONSTRUCTIONS  INTRODUCED  BY  BOYDEN 
AND   FRANCIS. 

By  Prof.  W.  P.  TROWBRIDGE,  Columbia  College. 
Written  for  Van  Nostrand's  Magazine. 


The  increasing  importance  of  the  Tur- 
bine wheel  as  a  motor,  gives  especial  in- 
terest to  everything  relating  to  the 
history  of  its  development ;  and  although 
the  improvements  which  have  been  in- 
troduced from  time  to  time  have  been 
brought  about  by  practical  men  in  the 
first  instance,  yet  the  professional  engi- 
neer is  often  called  upon  to  investigate 
the  merits  of  special  designs,  or  to  de- 
cide upon  the  theoretical  performance  of 
particular  wheels. 

To  enable  him  to  do  so,  it  is  essential 
for  this  as  for  all  other  motors,  that  the 
scientific  principles  of  construction 
should  be  determined  and  introduced 
into  text  books  of  instruction  for  general 
information.  We  accordingly  find  full, 
and  often  tediously  minute,  mathematical 
investigations  following  the  introduction 
of  the  Reaction  Turbine  of  Fourneyron, 
in  France  years  ago. 

The  improvements  in  construction  and 
design  made  by  our  own  countrymen, 
Uriah  A.  Boyden  and  James  B.  Francis, 
marked  a  second  period  in  the  useful  ap- 
plications of  the  Turbine,  no  less  im- 
portant and  radical  in  some  respects  than 
those  which  characterized  the  invention 
of    Fourneyron.     For  the  services  thus 


rendered  to  industry,  the  names  of  Boy- 
den and  Francis  deserve  more  universal 
recognition  than  they  have  yet  received. 
My  object  is  not,  however,  to  assert  the 
claims  to  which  they  are  entitled,  but  to 
show,  that  the  mathematical  investiga- 
tions which  have  been  alluded  to  as  fol- 
lowing the  introduction  of  the  Fourney- 
ron wheel  and  which  are  still  given  in 
text-books  as  the  accepted  expositions  of 
the  subject  of  Turbines,  are  insufficient 
and  inapplicable  to  the  modem  construc- 
tions which  are  founded  upon  the  princi- 
ples introduced  by  Boyden  and  Francis. 

In  other  words,  while  the  Turbine 
wheel, has  been  improved  and  its  effi- 
ciency greatly  increased,  we  look  in  vain 
for  suggestions  which  might  lead  to  such 
improvements,  in  the  treatises  on  Tur- 
bines, by  Rankine,  Weisbach,  Bresse  and 
others,  which  have  been  and  are  still  most 
frequently  studied  for  information  on  the 
subject. 

Mr.  James  B.  Francis  remarks  in  his 
well  known  work  entitled  "Lowell  Hy- 
draulic Experiments "  that  "the  turbine 
has  been  an  object  of  deep  interest  to 
many  learned  mathematicians,  but  up  to 
this  time  the  results  of  their  investiga- 
tions, so  far  as  they  have  been  published* 
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nave  afforded  but  little  aid  to  Hydraulic 
Engineers." 

How  far  this  statement  may  be  literally 
tme  or  not,  it  is  unnecessary  to  discuss  : 
but  interpreted  as  the  conclusion  of  Mr. 
Francis,  in  regard  to  the  improvements 
which  it  was  his  object  to  describe  in  the 
Lowell  Hydraulic  Experiments,  the  state- 
ment seems  undeniable;  because  it  may 
be  shown,  I  think,  that  if  Boyden  and 
Francis  had  followed  strictly  the  rules 
of  construction,  laid  down  in  the  works 
which  have  been  alluded  to,  they  would 
have  failed  in  their  efforts  to  construct 
Turbines  giving  any  considerable  increase 
of  efficiency  over  the  old  Fourneyron  and 
Fontaine  or  Jonval  wheels  of  European 
design  and  construction. 

Writers  on  Turbines  had,  up  to  that 
time,  insisted  upon  a  mechanical  axiom 
or  principle  of  construction  which,  al- 
though exemplified  in  the  Fourneyron 
Reaction  wheel,  was  directly  violated  by 
Boyden  and  Francis  in  their  construc- 
tions. 

Their  success  was  a  sufficient  demon- 
stration of  the  correctness  of  their  prac- 
tice. Thus  while  their  improvements 
have  been  universally  accepted  and  fol- 
ed,  at  least  in  this  country,  the  student 
and  the  engineer  are  continually  con- 
fronted with  the  old  mathematical  theo- 
ries ;  and  it  is  not  surprising  that  others 
besides  Francis  have  been  puzzled  in 
their  efforts  to  apply  old  formulas  to  the 
newer  constructions. 

The  theorem  or  axiom  insisted  upon 
by  these  writers  was  that  the  "water 
must  enter  the  wheel  without  shock," 
and  hence,  the  mathematical  condition 
that  the  tangential  velocity  of  the  wheel, 
where  it  receives  the  water,  and  the  cor- 
responding component  of  the  velocity  of 
the  entering  water  must  be  equal;  the 
effect  of  which  is  to  prevent  all  impidsive 
effects  of  the  entering  water. 

Taking  the  old  Fourneyron  wheel  as 
an  example,  the  buckets  or  floats  were 
given  a  radial  direction  at  the  point 
where  they  received  the  water,  and  the 
relative  velocities  were  made  such  by  the 
mechanical  conditions  assumed,  that  the 
water  entered  the  wheel  radially,  with  a 
tangential  component  equal  to  the  veloc- 
ity of  the  bucket  at  this  point.  Its  effects 
in  producing  mechanical  work  were  thus 
made  to  depend  solely  upon  the  subse- 
quent deviation  which  it  experienced  in 


passing  through  the  wheel.  This  device 
was  to  avoid  the  shock  of  the  entering 
water. 

It  is  to  be  noted  that  both  Rankine 
and  Weisbach,  in  discussing  the  impulse 
and  reaction  of  jets  of  water  upon  mov- 
ing vanes,  make  no  reservation  in  regard 
to  the  shock  due  to  impulse,  but  demon- 
strate that  water  may  impinge  at  any 
angle  and  with  any  relative  velocity 
upon  vanes  and,  by  a  suitable  arrange- 
ment of  curvature  and  velocities,  may 
have  all  the  energy  destroyed;  and  a 
perfect  efficiency  may  be  obtained. 

It  is  difficult  to  understand  why  in 
their  discussions  of  the  Turbine  wheel, 
they  insist  on  a  different  principle,  and 
lay  down  a  mechanical  axiom  at  variance 
with  these  demonstrations. 

The  following  discussion  is  intended 
to  apply  to  the  constructions  introduced 
by  Boyden  and  Francis,  but,  as  will  be 
seen  in  the  development,  the  general 
formulas  deduced  are  applicable  to 
nearly  all  water-wheels,  by  making 
simple  and  proper  suppositions  in  re- 
gard to  the  quantities  which  enter  into 
them. 

The  Turbine  wheel  consists  essentially 
of  two  rims  or  crowns  firmly  attached  to 
an  axis,  numerous  curved  vanes  or 
buckets  being  fixed  between  the  crowns, 
and  the  main  stream  of  water  which 
passes  through  the  wheel  is  divided  by 
guide  blades,  not  attached  to  the  axis,  into 
numerous  jets  or  smaller  streams,  which 
impinge  upon  these  buckets  simultane- 
ously at  all  points  of  the  circumference, 
and  produce  motion  in  the  wheel. 

It  is  sufficient,  in  discussing  the  action 
of  the  water  on  the  wheel,  to  take  one  of 
these  jets  separately  with  its  guide  blade 
and  bucket,  inasmuch  as  all  the  jets  act 
in  the  same  manner. 

The  problem  then,  is  to  analyze  the 
action  of  a  single  jet  upon  a  curved 
bucket,  and  to  find  the  mechanical  work 
performed  and  the  conditions  of  max- 
imum efficiency. 

To  do  this,  it  is  proper  to  enumerate 
the  axioms  or  theorems  of  the  mechanics 
of  fluids,  which,  are  applicable  to  the  sub- 
ject, and  winch  require  no  special  proof. 
The  proof  of  these  theorems  being 
derived  from  general  observation  and 
experience. 

These  theorems  are  as  follows : 

1st.  When  a  surface  moves  in  a  sfiven 
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direction  under  given  pressures,  the 
component  pressures  in  all  directions, 
except  that  of  the  motion,  are  neutral- 
ized, either  by  reciprocal  actions,  or  by 
the  fixed  surfaces  which  guide  the  mov- 
ing surface. 

Therefore,  in  considering  mechanical 
work  done  by  given  pressures  acting 
upon  moving  surfaces,  it  is  necessary  to 
take  into  account  those  components  only 
of  the  pressures  which  act  in  the  direc- 
tion of  the  motion,  friction  being  neg- 
lected. 

2nd.  In  whatever  direction  a  surface 
be  moving  with  reference  to  the  earth,  if 
a  fluid  moves  along  this  surface  in  a 
direction  opposite  to  the  motion  of  the 
surface,  and  with  a  relative  velocity 
equal  to  the  velocity  of  the  surface  with 
reference  to  the  earth,  the  fluid  will  be 
at  rest  with  reference  to  the  earth. 

3rd.  A  fluid  stream  on  striking  a  smooth 
surface,  at  any  angle  whatever,  is  not  re- 
flected like  a  solid,  but  flows  along  the 
surface.  If  the  surface  be  fixed,  and  the 
stream  be  confined  in  a  channel  of  uni- 
form dimensions  before  and  after  striking 
the  surface,  the  velocity  of  the  stream 
will  remain  unaltered,  friction  not  being 
considered. 

If  the  surface  be  moving,  the  velocity 
under  the  same  conditions  after  striking 
the  surface  will  be  the  relative  velocity 
of  the  surface  and  fluid  before  impact. 
If,  for  instance,  a  fluid  jet  impinge  per- 
pendicularly upon  a  plane  surface  mov- 
ing with  any  velocity  in  the  same  direc- 
tion, the  relative  velocity  will  be  the  dif- 
ference of  the  two  velocities  and  this 
will  be  the  velocity  with  which  the  stream 
will  flow  along  the  surface. 

This  initial  difference  of  velocities  gives 
rise  to  a  pressure  due  to  impulse,  the  di- 
rection of  the  pressure  being  always  nor- 
mal to  the  surface  at  the  point  of  impact. 

Mh.  If  the  surface  be  curved,  as  in  the 
following  sketch,  the  same  phenomena 
occur  except  that  the  relative  velocity  of 
the  particle  of  the  stream  is  not  entirely 
destroyed  until  it  reaches  a  point  at 
which  it  is  moving  at  right  angles  to  the 
direction  of  the  motion  of  the  surface. 
For  example,  if  the  stream  AB  impinge 
upon  the  curved  surface  represented  in 
the  sketch,  the  surface  moving  in  the  di- 
rection FM,  the  difference  of  velocities 
of  the  surface  and  any  particle  will  be 
wholly     destroyed    when     the    particle 


reaches  the  point  F,  the  whole  effect  up 
to  this  point  is  one  of  impulse  and  is  the 
same  as  if  the  stream  impinged  directly 
upon  the  surface  at  F  and  was  deviated 
instantaneously  at  right  angles  to  the 
motion  FM. 


^M 


5th.  After  the  particle  passes  the  point 
F  it  flows  along  the  curved  surface  with- 
out any  further  change  of  relative 
velocity ;  a  change  of  curvature,  having 
no  effect  to  change  the  velocity  of  flow 
relatively  to  the  surface. 

A  change  of  curvature,  however,  causes 
a  change  of  direction  of  the  motion  of 
the  fluid  with  reference  to  the  motion  of 
the  surface  and  the  reaction  of  the  fluid 
or  resistance  which  it  offers  to  this 
change,  produces  a  pressure,  the  pressure 
due  to  reaction. 

If  a  fluid  vein,  having  a  fixed  direction 
and  velocity  with  reference  to  the  earth, 
impinge  upon  a  surface  which  also  has 
a  motion  with  reference  to  the  earth, 
the  energy  imparted  to  the  surface  may 
thus  be  separated  into  two  parts:  that 
due  to  the  impulse  and  that  due  to  reac- 
tion. The  effect  of  impulse  may  be  rep- 
resented by  the  expression  M.  x .  u.,  in 
which  M  is  the  mass  of  fluid  striking  the 
surface  in  one  second,  x  the  relative 
velocity  in  the  direction  of  the  motion  of 
the  surface,  i.e.,  the  difference  between 
the  velocity  of  the  surface  and  the  com- 
ponent of  the  velocity  of  the  fluid  in  the 
same  direction. 

The  second  effect,  due  to  reaction,  re- 
sults from  the  deviations  which  the  par- 
ticles of  the  fluid  vein  undergo  while  in 
contact  with  the  surface,  after  they  have 
attained  the  velocity  of  the  surface. 
This  effect  is  measured  by  an  expression 
precisely  similar  to  the  first,  viz.,  M.xu, 
in  which  M  is  the  mass,  as  before,  x, 
the  relative  velocity  imparted  to  the  fluid 
in  a  direction  opposite  to  the  motion,  and 
u  the  velocity  of  the  surface.  The  total 
effect  being 

W=M(xu  +  X1V) 

This  being  the  energy  in  foot-pounds 
imparted  to  the  surface. 
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If  all  the  energy  of  the  vein  is  de- 
stroyed so  that  it  comes  to  rest  with 
reference  to  the  earth,  it  is  evident  that 
xl  must  then  be  equal  in  amount,  and 
directly  opposite  to  u,  and  the  efficiency 
of  such  an  arrangement  will  be  unity ; 
that  is,  all  the  energy  of  the  fluid  stream 
will  be  transferred  to  the  surface,  and  we 
shall  have 

W=M  (xu  +  X1U)  =  -^- 

E  =  l 

vx  being  the  velocity  of  the  fluid  with 
reference  to  the  earth  before  striking  the 
surface. 

If  there  is  no  effect  from  impulse,  the 
relative  velocity  of  the  particles  of  the 
fluid  vein  and  the  surface  in  the  direction 
of  the  motion  of  the  surface  must  be 
zero — or  cc=0. 

The  whole  effect  produced  must  then 
be  from  reaction,  and  it  is  evident  that 
for  an  absolute  maximum  of  effect, 
MX,U  must  be  equal  to 

M.v2  v* 

If  the  surface  be  a  plane  surface,  so 
that  there  is  no  deviation  of  the  vein 
after  it  strikes  the  surface,  the  whole 
effect  will  be  due  to  impulse,  and 
W  =  M .  x .  u,  will  be  the  total  work 
performed,  or  the  total  energy  imparted 
to  the  surface. 

These  three  general  cases, 


W=M(ux  +  XxV) 
W=MX1U    .    . 
W=M.xu      .    . 


impulse  and  reaction, 

reaction, 

impulse, 

explain  the  whole  theory  of  the  action  of 
a  stream  of  water,  or  of  multiple  streams 
in  producing  motion  in  water-wheels; 
not  including,  however,  those  cases  in 
which  water  acts  by  its  weight.  In 
these  cases,  the  first  expression  may  be 


applied  by  substituting  for  the  expres- 
sion representing  reaction,  M  X2  U,  a 
form  of  expression  representing  the 
action  of  weight  falling  through  a  given 
distance,  and  the  expression 
W=M.(xu+Wh) 
will  be  the  general  expression  for  the 
energy  of  Overshot  and  Breast  wheels, 
W  being  the  weight  of  water  entering 
the  wheel  in  one  second,  M  x  u  being  the 
work  of  impulse  of  the  water  entering 
the  buckets  and  h  the  height  of  fall. 

Nearly  all  modern  turbine  wheels  are 
constructed  after  one  of  three  types,  or 
of  some  combination  of  these  types. 
They  are  illustrated  in  the  following 
sketches,  and  usually  receive  the  desig- 
nations of 

Outward  flow  wheels, 
Inward  flow  wheels,  or  center  vent  wheels. 
Parallel  flow  wheels. 

In  the  outward  flow  wheel  of  which 
the  Fourneyron  reaction  wheel  is  the 
earliest  type,  the  water  flows  usually 
downward  through  a  tube  or  conduit, 
and  is  diverted  by  fixed  guide  blades  in 
an  outward  direction,  or  from  the  axis  of 
motion;  the  form  of  the  fixed  guides 
giving  the  water  a  tangential  whirl  as  it 
enters  the  wheel. 

In  the  inward  flow,  the  water  flows 
first  in  the  direction  of  the  axis,  usually 
downward,  and  is  then  diverted  by  fixed 
guide  blades  inwardly,  or  toward  the  axis 
of  motion,  the  same  fixed  guides  giving 
the  water,  as  before,  a  tangential  whirl 
as  it  enters  the  wheel. 

In  the  parallel  flow  wheel,  the  water 
moves  parallel  to  the  axis  of  motion,  be- 
fore and  after  it  passes  through  the 
wheel ;  the  fixed  guide  blades,  as  be- 
fore, giving  the  water  a  tangential  whirl. 

The  principle  types  of  some  of  the  best 
wheels  in  use  are  represented  in  the  fol- 
lowing: cuts: 


\r^/;d—-. 
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The  position  of  the  buckets,  the  direc- 
tion of  the  water  entering  the  wheels  and 
the  relative  values  of  r  and  r',  the  outer 
and  inner  radii  of  the  wheels,  may  be  seen 
more  clearly  by  reference  to  the  diagram 
given  opposite. 

,  To  investigate  the  problems  connected 
with  these  wheels  more  minutely: — 

Suppose  a  jet  or  stream,  having  a  given 
direction  and  velocity  with  reference  to 
the  earth,  to  strike  a  surface,  a  vane  or 
"float,"  all  points  of  which  have  a  motion 
with  a  given  direction  and  velocity  with 
reference  to  the  earth ;  the  component  of 
the  velocity  of  the  jet  in  the  direction  of 
the  motion  of  the  surface  may  be  easily 
found  by  the  theorem  of  the  parallelogram 
of  velocities. 

Let  ABC  (Fig.  1)  be  the  direction,  and 
BC=w,  the  velocity  of  a  jet  of  water 
striking  the  surface  BE,  which  has  a 
velocity  BD=w. 
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Let  the  angle  DBC=a  be  the  angle 
made  by  the  direction  of  the  jet  with  the 
direction  of  the  motion  of  the  surface. 

Then  vx  cos.  a  will  be  the  component 
of  the  velocity  of  the  stream  in  the  direc- 
tion BD  of  the  motion  of  the  surface; 
DM=cc  will  be  the  difference  of  velocity 
in  the  direction  of  the  motion  of  the  jet 
and  surface  and  DC  the  total  relative 
velocity  of  the  jet  and  surface,  in  magni- 
tude and  direction. 

If  we  draw  a  tangent  to  the  surface  at 
B  and  draw  the  line  DG,  parallel  to  this 
tangent,  making  DG  equal  to  DC,  CG 
will  be  the  instantaneous  deviation  due 
to  the  impact. 

When  the  jet  reaches  the  point  F  of 
the  surface,  a  point  at  which  its  direction 
is  perpendicular  to  the  motion  of  the  sur- 
face, if  we  draw  the  line  DG'  parallel  to 
the  tangent  at  F  or  perpendicular  to  the 
motion  of  the  surface,  the  total  deviation 
of  the  jet  will  be  CG'  and  its  projection 
on  BDM,  or  its  component  in  the  direc- 
tion of  the  motion  BD,  will  be 

X=(«1  cos.  a  —  u) 

The  relative  velocity  x1  of  the  jet  in 
the  direction  of  the  motion  is  not  entirely 
destroyed  until  it  reaches  the  point  F  at 
which  its  direction  is  perpendicular  to 
the  direction  of  the  surface  BD,  and 
Vol.  XX.— No.  3—17 


hence  we  may  call  the  total  effect  up  to 
this  point  the  impulse  of  the  fluid. 

If  M  be  the  mass  of  fluid  which  passes 
in  a  unit  of  time,  the  momentum  of  the 
fluid  with  reference  to  the  direction  of 
motion  of  the  surface  will  be 

Mtc=M(v1  cos.  a—u)  and 

the  mechanical  work  performed  by  this 
momentum  will  be 

M.xu 

After  the  jet  passes  the  point  F,  the 
only  pressure  that  it  can  exert  on  the 
surface  will  be  due  to  a  change  of  direc- 
tion or  deviation,  the  reaction  being  the 
pressure  exerted. 

If  the  fluid  passes  off  the  surface  at  E, 
in  the  direction  of  the  tangent,  at  E  the 
amount  of  the  additional  deviation  may 
be  found  by  drawing  EI  in  the  direction 
of  the  tangent,  and  EH  in  the  direction 
of  the  jet  at  F,  making  EH = EI = DC. 

Then  HI  will  be  direction,  and  will 
represent  the  pressure  of  the  jet  due  to 
reaction,  and  the  projection  of  this  line 
on  the  direction  of  motion,  JE,  will  be 
the  component  of  this  pressure  in  the 
direction  of  the  motion. 

Representing  by  y  the  angle  of  de- 
parture, made  by  the  tangent  IE  with 
the  direction  of  motion,  this  component 
will  be 


250 


VAN   NOSTRAND  S    ENGINEERING   MAGAZINE. 


IE  COS.  y 
or  calling  IE=:DC  the  relative  velocity, 
Vr  this  component  will  be 
Vr  cos.  y, 
and  the  mechanical  work  performed  per 
second  will  be  the  component  pressure 
MY,-  cos.  y  multiplied  by  U,  the  velocity 
of  the  surface,  or 

MVTcosTyU. 

The  total  work  performed  by  the  jet 
upon  the  surface  due  to  impulse  and 
reaction,  will  be 

"W=M(XU  +  Vr  cos.  y  u) 
the  sum  of  the  two  effects. 


If  y=o,  the  work  of  reaction  will  be 
M  Vr  U,  and  the  total  work 

W=M(XU+VrU). 

Since  Vr  is  a  function  of  u,  we  may 
find  under  what  circumstances  this  work 
will  be  a  maximum. 

The  problem  resolves  itself  into  this : 
in  the  known  triangles  BCD,  and  BCM 
required  to  find  the  position  of  the  line 
DC  such  that  ~W=u(x  +  vr)  shall  be  a 
maximum. 

By  applying  the  methods  of  Calculus  it 
will  be  found  that  the  expression  will  be 
a  maximum  when  u=vr 

That  is  for  a  maximum, 


LetBM=C    CM=£ 


2c 


vr  =u=- 


and 


XII  +  or  n=xic  +  u 


2c 

-vl 

2 


The  same  may  be  demonstrated  by  ge- 
ometry. When  y=o  and  vr  =u  the  fluid 
in  leaving  the  vane  or  surface  has  a  mo- 
tion in  a  direction  opposite  to  that  of  the 
vane  and  with  a  relative  velocity  equal  to 
that  of  the  vane ;  hence  it  will  be  at  rest 
with  reference  to  the  earth :  and  all  its 
energy  will  have  been  imparted  to  the 
vane. 

Since  i\  is  the  original  velocity  of  the 
fluid   with   reference    to   the   earth,    its 

•2 
of 


energy  is  M 
43onditions 


but  we  have  under  the 
the  maximum  just  found 


:M 


v. 


(W)=M(xu  +  u*)— 

max.  ^ 

or    the   maximum    work   is    the    whole 
energy  of  the  fluid,  and  the  efficiency 

My,2 


E: 


2 

:M^ 
2 


=  1 


If  the  angle  y  is  not  zero,  then  the 
work  performed  cannot  be  an  absolute 
maximum,  or  the  efficiency  cannot  be 
unity,  because  the  fluid  will  not  leave  the 
vane  with  a  direction  and  velocity  equal 
and  opposite  to  the  direction  and  velocity 
of  the  vane.  In  other  words,  the  fluid 
will,  after  leaving  the  vane  have  a  motion 
with  reference  to  the  earth,  the  energy 
due  to  which  will  be  lost. 

The  value  of  this  lost  work  is  easily 
found.  In  practice  the  angle  y  is  always 
very  small. 

If  a  parallelogram  (Fig.  3)  be  drawn, 
having  for  sides,  the  relative  velocity 
EI— vr  and  ET=w  the  diagonal  ER  for 
very   small    angles    will    be    practically 


vr  sin.  y  which  will  be  the  velocity  of  the 
stream  after  it  leaves  the  vane  at  E. 
The  energy  due  to  this  velocity  will  be 

M.vr  2sin.*y 
work  will  be 


and  the  general  value  of  the 


zu  +  if— V2 


sin.  y 


w=m( 


and  the  efficiency 
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E  = 


H^ 


vr  sin.  y\ 


or 


2 
E  =  l — ^sin.'y 


Assuming  now  that  the  velocity  u  was 
that  which  gave  the  absolute  maximum 

v. 


when  y—o  or  u=vr  = 


-(seeFig.  2) 


2  cos.  a 

we  have  by  substituting  this  value  of  vT 
in  the  expression  for  the  efficiency 

sin,  y 


E=l-± 


COS.    a 


From  this  it  is  apparent  that  the  efficien- 
cy is  increased  by  making  a  and  y  small. 

If  a=o  then  the  stream  impinges  at 
right  angles  to  the  vane  or  in  the  direc- 
tion of  its  motion,  in  which  case  x=v1—u 


and 


lt=-~-fOT 


the  maximum  efficiency, 

and  the   expressions    for   the   efficiency 
become  for  y=o 

E=I 
and  for  y  a  small  angle 

E=I-i  sin.y 

Variations  from  maximum  work  for 
variations  of  u. 

If  we  describe  a  circle  (Fig.  4)  on 
BM^VjCos.  a  and  lay  off  x  and  u  in  such 
a  way  that  OC=ur  =u,  we  see  that  the 


two  terms  of  the  expression  xu+vru 
will  vary  as  the  squares  of  the  ordinates 
(of  the  circles)  00'  and  OE  respectively, 
and  the  positions  of  these  ordinates  are 
such  that  the  variations  of  their  squares, 
i.  e.,  OOn=xu  and  OK3=ur  u  will  be  a 


minimum,  or  in  other  words,  small  varia- 
tions of  u  from  the  value  giving  the 
absolute  maximum,  may  occur  without 
affecting-  greatly,  the  value  of  the  work. 

Variations   from    maximum    efficiency 
for  variations  of  the  angles  a  and  y. 
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In  the  expression  for  the  efficiency 

*  COS.  a 

found  on  the  supposition  that  y  is  small. 
If  a  is  also  small,  the  efficiency  is  not 
greatly  affected  by  very  small  changes  in 
these  angles. 

a  being  a  fixed  angle  by  the  conditions 
of  the  problem ;  if  y  be  variable  within 
small  limits,  the  variations  will  not  affect 
greatly,  the  work  performed. 

Method  of  finding  the  work  performed 
and  the  conditions  of  absolute  maximum 
when  the  vane  or  surface  revolves  around 
a  fixed  axis. 


Let  ABC  (Fig.  5)  be  the  direction  of 
the  jet  with  reference  to  the  earth;  BD 
=u  the  velocity  of  the  point  B  at  which 
the  tangent  to  the  vane  coincides  with 
the  radius  OB  of  the  circle,  around 
whose  center  the  motion  takes  place: 
EJ  the  direction  perpendicular  to  the 
radius  OE,  at  the  point  at  which  the  jet 
leaves  the  surface  or  vane,  x,u,vr,  a  and  y 
designating  the  same  quantities  as  before 
and  u'  the  velocity  of  the  vane  at  E. 

Then,  according  to  the  conditions  of 
maximum  effect,  the  jet  should  leave  the 
van  at  E,  in  a  direction  opposite  to  u', 
the  direction  and  velocity  of  the  point  of 
departure  E,  around  the  center,  and  with 
a  velocity  relatively  to  the  vane  (— u'). 

If  BC^Vj  is  the  original  velocity  of 


the  jet  with  reference  to  the  earth,  then 
the  absolute  maximum  work  will  be 

Since  the  velocity  of  the  vane  at  B  is 
u=ar,  and  the  velocity  at  E  is  u'=ar':  a 
being  the  angular  velocity  of  the  motion ; 
and,  since  for  the  absolute  maximum 
work,  vr  =DC  must  be  equal  to  u'\  in 
the  triangle  BMC,  the  distance  BD=i« 
and  DC=vr  =u'  must  be  to  each  other 
as  r  to  r' ;  r  being  the  radius  OB  and  r'  — 
the  radius  OE. 

The  work  of  impulse  will  be,  as  before, 
M.XU,  since  the  relative  velocity  in  the 
direction  of  the  motion  (i.  e.,  perpendicu- 
lar to  the  radius)  is  all  destroyed  at  B. 

The  work  of  reaction  of  the  jet  in  mov- 
ing from  B  to  E  and  passing  off  at  E  in 
a  direction  opposite  to  u',  will  be  M.vr  u"; 
u"  being  a  velocity  of  motion  due  to  a 
length  of  radius  between  r  and  r',  and 
the  total  work,  supposing  at  first,  y=o 
will  be 

W=M(xu  +  vru"). 

For  the  absolute  maximum  or 

v  a. 
W=M  v* 

and  E=l  we  must  have  from  the  me- 
chanical conditions  vr  =  u'  and  this 
expression  becomes 

W=M(ajw  +  wV)=M  \- 

_ 

The  value  of  tc'a"  which  gives  the  max- 
imum may  be  found  from  the  following 
considerations.  If  the  vane  had  a  velo- 
city at  all  points  equal  to  u,  then  this 
term  u'u"  would  be  u2  as  in  the  case  first 
discussed,  and  if  its  velocity  at  all  points 
was  u',  this  term  would  be  un.  ff  he  true 
value  when  the  vane  revolves  around  an 
axis  O,  will  be  a  mean  between  if  and  w'a, 

_2 


or 


-and 


W 


=m( 


xu  + 


u  +u 


■)- 


=M- 


and 


E: 


M*Y 
2 

Mv, 


=1. 


Another  method  of  proof  is  as  follows : 
In  the  triangle  BMC. 
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{x  +  nf  +  Vr—  x*=v* 
or  (%  +  u)*+u'2— x*=v1i 

developing  and  cancelling 
if  +  u"     v* 

Since  u=ar 


and 


T 

u'=ar'  .:  u=zu'—, 
r 


u*  +  u"      ,y 


-o— =«  ""Ti  +  W 
2  r 


='4'(1+^) 


2/ 


Hence 


u  =ti.  a.- 


2r' 


and  —  -z—. —  is  the  radius  or  lever  arm  at 
2r 

which  the  velocity  is  u". 

The  value  of  u  which  gives  this  maxi- 
mum will  be 


sr  The  formula  for  the  absolute  maximum 
work  then  becomes 


W        =M.lxu  +  - 


and  the  efficiency 

E  =  l 

This  formula  may,  from  what  precedes 
be  put  under  the  form 


W       =Mlxu  + 


h'v) 


:M- 


In  Fig.  (5)  when  the  center  of  motion 
is  O,  the  stream  flows  outwardly  from 
the  center  and  r'  is  greater  than  r. 

If  the  center  of  motion  were  at  O',  the 
stream  would  flow  inwardly,  or  towards 
the  center,  and  r  would  be  greater  than 
r'. 


If  r=r' 
becomes 


then  u=u'  and  the  formula 


=m(xu  +  u*)=m\ 


w 

max. 

as  before  found. 

If  the  angle  y  is  not  zero;  but  the 
relative  velocities  such  as  would  other- 
wise give  the  absolute  maximum  of  work, 
the  real  work  performed  and  the  effi- 
ciency may  be  found  as  in  the  first  case. 

The    lost    work    will    be,    as    before 

M  r  and  the  total  work 


w 


=  3dY; 


XU  + 


u'  +  u"      Vr2sin.2 


and  for  the  efficiency 


E: 


m( 


2  T~ 


"V 


The  relation  between  vr  and  vt  may  be 
found  from  the  triangle  BMC,  Fig.  6. 


If  the  angle  CDM  be  designated  by  d, 
then 


and 
then 


v18in..a=vr  sin.tf 

Vr        Sin.    a 

v.      sin.  d 


E  =  l 


sin.  a     .    , 
-  -r—rz  sm.2y 
sm.  o 


From  this  expression  it  appears  as  before 
that  the  efficiency  is  increased  by  making 
a  and  y  small. 

Variations  of  work  for  small  variations 
of  u  and  vr  . 

It  is  evident  from  the  conditions  of 
this  problem  that  a  variation  of  the 
angular  velocity   of  motion,   will   cause 
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simultaneous  and  proportional  changes 
in  the  velocities  u  and  uf  and  in  the  ex 
pression  for  work 

W=~M(xu  +  vr  it)    .     .     .     (y=o) 

The  work  will  vary  as  the  sum  of  the 
squares  of  the  ordinates  DO  and  DO'  (or 
as  D02  +  DO/2)  of  the  same  circles  de- 
scribed on  the  diameters  x  +  u  or  BM  and 
vr  +  u":  u"  being  a  quantity  whose  value 
lies  between  u  and  vr  • 


The  squares  of  these  ordinates  will 
vary  very  slowly  near  the  values,  which 
make  the  work  an  absolute  maximum, 
since  the  ordinates  in  this  case  lie  near 
the  centers  of  the  semicircles. 

The  expression 

max.  =  Ml  a™  H 5--  J 


W 


=m( 


xu+- 


1+- 


is  applicable  to  the  three  principle  types 
of  turbine  wheels,  by  giving  to  r  and  r' 
their  proper  relative  values. 

For  outward  flow  wheels  ?■<?•' 
For  inward  flow  wheels  r>r' 
For  parallel  flow  wheels  r-—r' 
The  diagram  (Fig.  8)  shows  that  since 
the  ratio  of  r  to  r'  is  the  same  as  that  of 
u  to  u',  that  for  the  same  angle  a,  the 
velocity  of  maximum  efficiency  (BD'=m) 
will  be  greater  for  the  inward  flow  than 
for  the  outward  flow  (BD=w)  and  that 
for   each   type  of  wheel  with  the  same 
angle  of  incidence,  the  velocity  of  maxi- 
mum   efficiency    will   have   a  particular 
value,  viz:   for  parallel  flow  u  will  equal 

vr  the  relative  velocity,  (=-?; — l )for 

J'  \      2  cos.  a  ) 

outward  flow  wheels,  u  will  be  less  than 

vr  and  for  inward  flow,  u  will  be  greater 

than  vr 


We  have  now  to  discuss  particular 
cases  of  the  general  expression  for  work 

W=M(xu  +  vrit") 

as  applied  to  different  classes  or  types  of 
water-wheels.     Supposing    in    all   cases 

IMPACT    WHEELS. 

This  class  includes  all  water-wheels  in 
which  the  fluid  stream  acts  by  impulse, 
the  blades  or  floats  being  plane  and  no 
reaction  taking  place  from  the  curvature 
of  the  blades  after  impact. 


The  axes,  of  such  wheels  may  be  verti- 
cal,.  with  a  single  stream  or  several 
streams  impinging  upon  plane  floats ;  or 
the  axis  may  be  horizontal  as  in  the  case 
of  the  old  undershot  wheel. 

To  apply  the  formula  to  this  class,  it  is 
only  necessary  to  make  the  second  term 
zero.  The  formula  will  then  become 
W=Mxn,  and  since  x=vx  cos.  a — u 

W=M(u1  cos.  a—u)u. 

This  expression  is  a  maximum  when 
vrcos.  a— zi=u  or 
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V,  COS.  a 


This  is  the  velocity  of  greatest  efficien- 
cy, and  the  efficiency  is  in  all  cases 


E= 


or 


W 

Mw,2 


Mm3 


M 


V,2  COS.2  a 


M- 


E: 


2 


COS.2  a 


If  a  is  zero,  then  u=—^-  is  the  velocity 

of  greatest   efficiency,    and  E=^.     The 
usual  efficiency  of  these  wheels  in  prac- 


tice, is  only  about  \. 


REACTION    WHEELS. 

A  reaction  wheel  is  one  in  which  there 
is  no  effect  from  impulse;  or  in  the  gen- 
eral expression 

W=M(xu  +  vru") 
it  is  necessary  to  make  x=o.     The  ex- 
pression then  becomes 

W=M?v  u" 

In  these  wheels,  the  deviation  of  the 
stream  caused  by  the  curvature  of  the 
blades  is  the  cause  of  the  energy  exerted 
and  several  distinct  cases  may  arise. 

First,  suppose  the  stream  of  flow  in  a 
direction  parallel  to  the  axis  of  revolution 
as  in  the  Jonval  Wheel ;  that  is,  suppose 
it  to  be  a  parallel  flow  reaction  wheel. 


Then  since  x=o  (Fig.  9)  tc=v1  cos.  x  and 
the  expression  becomes 

W=Mvrv1  cos.  a 
But    the   same  construction  shows  that 
vr  =MC  — yjSin.a  and  the  value  of  W  be- 
comes 

W= Myosin. a  cos.  a 

For  this  expression  there  is  no  absolute 
maximum  except  in  one  particular  case, 
i.e.,  for  d=45°  in  which  case  v^in.a 
=v1  cos.  a  and  v2  sin.  «cos. a=zv13  sin.2  a 

V  2  V  2 

=^-andW=M-?r 

E  =  l 

It  follows  from  this  that  if  in  the 
parallel  flow  wheel,  the  principle  is  in- 
sisted on  that  the  water  must  enter  with- 
out shock,  or  in  the  language  of  Bresse, 
if  "it  is  necessary  that  at  the  point  B, 
(Fig.  8)  the  water  shall  be  directed  tang- 
entially  to  the  floats "  the  latter  being 
radial  at  the  point  of  entrance  of  the 
water,  the  wheel  becomes  simply  a  reac- 
tion wheel  and  there  is  no  theoretical 
absolute  maximum  except  for  the  particu- 
lar angle  d=45°. 

Bresse,  in  discussing  the  problem  for 
the  Foumeyron  and  parallel  flow  tur- 
bines, deduces  nine  equations  involving 
sixteen  unknown  quantities,  which  involve 


the  necessary  conditions  of  a  perfect 
wheel.  A  discussion  applicable  only 
upon  the  particular  conditions  which  he 
presents,  but  not  applicable  to  American 
Turbine  wheels  as  now  constructed  and 
employed.  Nevertheless  his  discussions 
which  have  been  translated  for  use  in  this 
country  are  entitled  Turbine  Wheels,  and 
there  is  no  indication  given  that  they  are 
not  applicable  to  all  Turbines. 

Second. — If  under  the  supposition  that 
there  is  no  impulsive  action  of  the  water, 
we  suppose  the  stream  to  flow  outwardly 
from  the  axis.  The  work  performed  will 
be  as  before  for  x=o 

W=Mvr  u" 
or  putting  for  vr  u"  in  the  general  case 


{*£) 


we  have 


w=m4°(i+£). 


This  applies  to  the  case  where  the  water 
enters  tangentially  to  the  floats,  which 
are  radial  in  direction  as  at  B  Fig.  7  or  8, 
and  for  which  the  value  of  u=l\  cos.  a. 

The  condition  is  thus  fulfilled  as  ex- 
pressed by  Rankine,  that  "the  whirling 
velocity  of  the  water,  when  it  enters  the 
wheel,  must  be  equal  to  the  tangential 
velocity  of  the  wheel,"  a  condition  appli- 
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cable,  according   to    this  author,  to   all 

turbines. 

js.-  But  in  this  case  it  is  evident  from  the 

expression 

that  there  is  no  theoretical  maximum  and 
the  wheel  becomes  simply  a  reaction 
wheel.  For  an  absolute  maximum  or  an 
efficiency  equal  to  unity,  we  must  have 

which  can  only  be  the  case  when  r=r 

and  u'2  =  -^-  which  takes  us  back  to  the 

particular  case  of  the  parallel  flow  wheel, 
with  an  angle  a =45.° 


Fig,  10 


C 


In  the  outward  and  inward  flow  re- 
action wheels,  i.e.,  those  wheels  in  which 
the  buckets  are  radial  at  the  point  of 
entrance  of  the  water,  and  in  which  the 
velocity  of  the  wheel  at  this  point  is  the 
same  as  the  component  velocity  of  the 
water  in  the  same  direction,  there  is  no 
work  of  impulse,  and  the  wheels  become 
reaction  wheels,  for  which  the  efficiency 
cannot  be  unity,  but  there  will  always  be 

r 

a  loss  of  energy  due  to  the  ratio  — -.  • 

Application  of  the  general  formula  for 
work 

W=M.(xu  +  vru") 

to  the  wheel  known  as  Barker's  Mill. 

In  this  wheel  the  water  descends  in  a 
column  H,  Fig.  10,  which  is  at  the  same 


time  the  axis  of  motion,  and  flows  out- 
wardly to  the  ends  of  two  tubular  arms 
where  it  issues  from  two  orifices  on  op- 
posite sides  of  the  arms. 

As  the  water  enters  the  arms  without 
impulse,  the  term  Mccw  in  this  formula 
will  be  zero  and  the  expression  for  work 
will  be 

~W=M.Vr  U" 

u"  will  be  the  circular  velocity  of  the  end 
of  the  arm  at  the  point  where  the  water 


issues,  vr,  being  the  relative  velocity  of 
the  arm  and  fluid  at  the  same  point,  may 
be  found  thus.  In  the  plan  of  the  wheel, 
Fig.  11,  let  v1  be  the  velocity  due  to  the 
head.  A  particle  at  the  end  of  the  arm 
is  subjected  to  two  velocities,  one  vx  due 
to  the  head  and  another  u"  due  to  the 
rotation  of  the  arm.  Its  actual  velocity 
with  reference  to  the  earth,  will  be  rep- 
resented by  the  diagonal  of  the  rectangu- 
lar parallelogram  constructed  on    these 
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two  lines,  and  will  be  expressed  analyti- 
cally by 

This  will  be  the  velocity  with  reference 
to  the  earth,  with  which  the  jet  will  issue 
from  the  arm  in  a  direction  opposite  to 
its  motion ;  but  the  arm  has  a  velocity 
u"=ar  (a  being  the  angular  velocity  and 
r  the  radius  of  the  arm)  and  the  relative 
velocity  with  reference  to  the  arm  will  be 

Vr  =\/vi*+u"*—u" 

and  the  work  performed  will  be  found 
by  multiplying  this  by  u"  and  by  M,  the 
mass  of  water  which  issues  in  a  unit  of 
time  or 


W=M«r  m"=M«"(V»1!+«"!-m") 

an  expression  which  has  no  maximum. 

In  the  foregoing  discussion,  no  account 
has  been  taken  of  the  resistances  which 
arise  from  friction,  or  loss  of  energy  from 
contractions,  bends  and  other  causes 
which  influence  the  flow  through  narrow 
passages,  like  the  spaces  between  the 
guide  blades  and  the  wheel  buckets  or 
-floats.  These  influences  will,  of  course, 
affect  the  efficiency  of  all  wheels,  and  also 
the  velocity  of  maximum  efficiency  and, 
of  course,  in  no  actual  case  can  an  effi- 
ciency of  unity  be  attained.  The  general 
theory  is  not,  however,  altered  on  this 
account ;  and  inasmuch  as  it  is  impossible 
to  separate  the  influences  referred  to 
from  each  other,  or  to  ascertain  the 
values  of  co-efficients  which  might  be  ap- 
plied, the  only  means  of  ascertaining  how 
near  the  performance  of  any  wheel  ap- 
proaches the  maximum  efficiency  is  by  a 
practical  test. 

From  Francis'  experiments  it  appears 
that  the  velocity  of  maximum  efficiency 
is  somewhat  greater  than  that  which 
would  be  given  by  theory  when  friction 
is  not  considered. 

It  has  been  shown  that  a  considerable 
change  in  velocity  of  a  wheel  when  it 
runs  at  a  speed  giving  its  maximum  effi- 
ciency, influences  but  little,  the  work  per- 
formed. 

A  change  in  velocity  in  the  Tremont 
turbine  from  .48  to  .68  of  the  velocity 
due  to  the  fall,  affected  the  efficiency  by 
only  two  per  cent.,  and  Francis  recom- 
mends a  velocity  of  .56  of  the  velocity 
due  to  the  fall,  as  the  best  in  practice, 
which  is  in  excess  of  the  theoretical  ve- 


locity of  greatest  efficiency,  when  friction 
is  not  considered. 

The  following  diagram  of  the  Tremont 
turbine  and  Francis'  center-vent,  or  in- 
ward flow  turbine,  exhibit  the  particulars 
of  these  wheels :  1st,  in  the  small  ratio 

T 

-,  of  the  outer  and  inner  radii  and  the 
r 

small  angles  of  incidence  and  departure 
of  the  water ;  and  when  the  velocity  of 
the  wheels  which  give  the  maximum  effi- 
ciency is  considered,  it  appears  that  the 
velocities  of  the  wheels,  at  the  point 
where  they  receive  the  entering  water,  is 
much  less  than  the  tangential  component 
of  the  entering  water,  thus  causing  a 
large  part  of  the  work  to  be  done  by 
impulse. 

An  unnecessary  importance  seems  to 
have  been  attached  to  the  idea  that  a 
stream  of  water,  to  produce  its  best  ef- 
fect upon  a  vane,  or  float,  must  glide  upon 
the  latter  in  a  tangential  direction.  The 
following  simple  experiment  maybe  made 
by  any  one  who  wishes  to  be  convinced 
of  this. 


Place  a  goblet  under  an  ordinary  goose 
neck  spout,  from  which  a  clear  and  trans- 
parent stream  issues,  impinging  on  the 
bottom  of  the  goblet.  If  the  velocity  of 
the  stream  is  sufficient,  the  water  will 
rise  up  and  flow  over  the  edge  of  the 
goblet  at  all  points  in  a  clear,  unbroken 
sheet,  the  liquid  threads  being  continu- 
ous and  unbroken,  and  the  whole  remain- 
ing as  transparent  as  the  glass  itself.  A 
more  satisfactory  experiment   may,  per- 
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haps,  be  made  by  inverting  the  goblet 
and  allowing  the  stream  to  enter  from 
below;  more  satisfactory,  because  con- 
siderable head  is  required  in  the  first 
case.  This  experiment  shows  that  the 
disturbances  in  the  stream,  from  impact, 
which  have  been  considered  of  so  much 


importance,  do  not  exist  in  this,  the  most 
unfavorable  case,  where  the  impact  is 
normal. 

The  Poncelet  wheel,  a  vertical  water 
wheel,  the  construction  of  which  is  famil- 
iar to  all  engineers  and  students,  is  one 
in  which  a  principal  virtue  is  supposed  ta 
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exist  in  a  curved  form  of  the  buckets  — 
such  that  the  water  enters  the  wheel 
"without  shock." 

.Weisbach  states  that  "to  obtain  as 
great  an  effect  as  possible  with  one  of 
Poncelet's  wheels,  it  is  necessary  that  the 
water  should  enter  the  wheel  without 
shock."     And  it  has  been  considered  that 


one  object  of  the  peculiar  construction 
and  arrangement  of  Poncelet  was  to  at- 
tain this  particular  end;  whereas  a  little 
consideration  shows  that  the  curvature 
of  the  blade  and  the  peculiarities  of  con- 
struction were  designed  for  quite  another 
purpose. 

In  fact,  the  analysis  would  be  quite  as- 
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complete  for  this  wheel  as  far  as  impulse 
is  concerned,  if  the  water  impinged  di- 
rectly upon  a  plane  float. 

It  is  only  to  obtain  the  effect  of  reac- 
tion by  the  returning  water  that  the 
curvature  is  necessary. 

In  order  to  find  the  actual  value  of  the 
efficiency  as  deduced  from  the  formula 

E=l-S-^sin.V 

sin. i  o 

we  have  only  to  substitute  values  for  a, 
S  and  y.  Taking,  for  example,  a. =22°, 
^=11°  and  d=46°  the  values  employed 
in  the  Tremont  Turbine,  substituting  and 
solving  we  have 

E  =  .9902 
For  Francis'  Center  Vent  Wheel  a=9°30' 
y=10°  and  d=28°  which   give   for  the 
efficiency 

E  =  .9962 

These  results  show  a  theoretical  effi- 
ciency practically  equal  to  unity,  when 
friction  and  other  disturbing  resistances 
are  not  considered.  The  angles  of  inci- 
dence and  departure  being  so  small  as  to 
have  but  a  slight  influence  in  lessening 
the  efficiency  when  the  proper  theoretical 
velocity  is  given  to  the  wheels. 

The  angles  of  incidence  of  the  Swain 
wheel  are  about  12°  only,  and  the  angle 
of  departure  of  the  inward  flow  wheels 
now  made  is  not  much  greater.  It  is  not 
surprising,  therefore,  that  a  common 
working  efficiency  of  84  per  cent,  should 
be  attained. 

The  efficiency  of  an  impulse  and  reac- 
tion turbine,  properly  consructed  and 
run  with  the  proper  velocity,  being  thus 
practically  unity,  or  99  per  cent.,  when 
loss  of  energy  from  friction,  and  other 
causes  of  loss  of  energy  of  a  similar  char- 
acter, are  not  considered  the  greatest 
possible  efficiency  in  practice. 

Estimating  the  co-efficient  of  velocity 
of  discharge  from  the  guide  blades  at  ,97 
the  loss  of  energy  due  to  this  loss    of 

velocity   will   be,    [(-9V)2  — 1] — - — ecpial 

My  2  l 

06 — ~~ ;  and  supposing  the  friction  in  the 

wheel  to  consume  the  same  amount  of 

My  2 

energy,  the  total  loss  will  be  ,12—^-. 

If  we  suppose  the  friction  of  the  pivots 
on  which  the  wheel  runs,  and  the  collars 
of  the  axis  to  be  in  the  most  favorable 


My. 


-we  have  a  total  of  ,15 


My.3 


case  ,03 

which  with  the  loss  of  .01  due  to  the 
obliquity  of  the  angles  a  and  y  will  give 
a  total  of  16  per  cent,  of  the  energy  due 
to  the  fall,  leaving  a  practical  efficiency  of 
84  per  cent,  which  is  the  efficiency  found 
by  Francis  for  an  ordinary  Swain  wheel. 

RULES    FOR    DESIGNING   WHEELS. 

Let  D  be  the  diameter  of  the  wheel. 
Let  a  be  the  angle  of  incidence  of  the 
water  with  the  tangent  to  the  cir- 
cumference. 
Let   H    be    the   depth    between    the 
crowns  at  the  first  circumference 
or  point  of  entrance. 
C  a  co-efficient  of  discharge. 
A  the  area  of  section  of  entrance  of 
water  in  the  direction  of  the  radius, 
then  the  volume  of  flow  will  be 
V=  7cD .  H  .  vx  sin.  a  .  C. 
Assuming  a  diameter  D.  a  co-efficient 
of  discharge  C  and  an  angle  of  incidence 
a  the  depth  H  will  be 

V 


H: 


C.  71  D.  v,  sin. 


By  experiments  on  the  Tremont  tur- 
bine in  which  D=8.25308  feet=sum  of 
the  widths  of  the  orifices  of  discharge 
across  the  guide  blades,  and  for  the 
heights  of  the  orifices  of  discharge  H, 
or  depth  of  wheel =.9314  feet.  Francis 
found  C  =  .624. 

Hence  his  general  rule,  making  H^-^-g- 
of  the  outer  diameter  D', 

V=H'.  D'.  0^=0.10  D'2<V%^" 

=  0.5    L'VA, 

In  which  Hx  is  the  depth  of  the  wheel 
at  the  outer  extremities  of  the  buckets 
and  H'  =T\iy. 

The  simplicity  of  Francis'  formula  for 
the  flow 

V=0.5D'VA; 
is  one  of  the  results  of  his  valuable  ex- 
periments, giving  by  a  very  simple  calcu- 
lation the  necessary  diameter  of  an  out- 
ward flow  turbine  for  a  given  head  hx  and 
a  given  volume  of  flow  V.  For  a  given 
horse  power,  HP  in  foot  pounds  per 
second,  with  an  efficiency  of  75, 
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and  since    V=0.5D/8a/a    ' 
T*'=4..RRa/    f 

Formulas  which  are  applicable  to  out- 
ward flow  wheels,  within  the  limits  as- 
signed by  Francis. 

To  make  the  formula  more  general,  we 
have 

V=.62  T>.U.7t.vl  sin.  a 
=/!D8  y,  sin.  a  n.  ,62 

/being  ratio  of  D  to  H. 

Supposing  V  to  be  the  actual  volume 
of  flow  per  second,  and  the  wheel  to 
utilize  .75$  of  the  fall  h,  multiplied  by 
the  weight,  then  we  have  the  horse-power 
per  second, 

—        0.75  .(62  .43) 


HP  = 


550 


Yh, 


(a) 


and  substituting  for  V  its  value 
V=/D.8.t>1  sin.  a  .62  n 
=f.~Ds.v1  sin.  a  1.95 


we  have 


HP 


=( 


0.75x62.43 
"550~~ 


Xl.95]/.Ds.w1sin.aA1 


HP: 


'0.75x62.43x1.956 


550 


/D2.  '\/2gh1  sin.  a  hi 


=      /  0.75  X  62.43  X  1.956  X  8  .03 


HP 


=( 


550 


/J).2 sin.  a \  a/A, 
HP=1.33/.D8.  sin.  a  hx  \/\ 


D=/ 


HP 


1.33/  sin.  a  hx  ^/\ 


(*) 


/  being  the  ratio  of  diameter  to  depth,  H. 

Having  found  the  diameter  T>  (the 
diameter  of  that  circumference  on  which 
the  water  first  impinges)  whether  for 
outward  or  inward  flow,  the  second 
diameter  may  be  found  from  the  relation 
of  the  radii  shown  in  the  diagrams  which 
have  been  given. 

The  depth  H=/.D.  of  the  wheel  should 
be  somewhat  greater  at  the  discharging 
diameter  D',  in  order  to  make  allowance 
for  the  greater  space  occupied  on  the 
circumference  by  the  oblique  positions  of 
the  extremities  of  the  buckets. 

The  angular  velocity  of  the  wheel  be- 
ing 27rN  in  which  N  is  the  number  of 


revolutions  per  second.     The  tangential 
velocity  will  be 

u=2n:'Nv 
For  parallel  flow  wheels 

V=C.A.?j,  sin.  a 
=C.7t(r  2  —  r2)  sin.a 

C  being  a  co-efficient  of  discharge  and  A 

the  area  of  the  annular  space  through 

which  the  water  flows,  equal  to  7r(r'2-r2). 

If  D  be  the  mean  diameter  and  /  the 


ratio  of  D  to  (r'—r)  or/= 


D 


then  the 


formula   (b)   will  apply  to  parallel  flow 
wheels. 

FOKM    OF    BLADES. 

For  the  three  typical  wheels,  the  out- 
ward flow,  the  inward  flow,  and  the  par- 
allel flow,  the  path  of  a  particle  of 
water  continues  in  one  plane.  In  the 
outward  and  inward  flow  wheels,  the 
planes  of  motion  of  the  particles  are  per- 
pendicular to  the  axis.  In  the  parallel 
flow,  the  planes  of  the  paths  are  parallel 
to  the  axis. 

The  lips  of  the  buckets  at  the  points  of 
entrance  to  the  wheel  are  generally 
straight  edges,  and  for  these  three  wheels 
are  either  perpendicular  or  parallel  to  the 
axis  of  motion. 

The  discharging  edges  are  lines  paral- 
lel to  the  receiving  edges  and  the  buckets 
at  the  discharging  edges  have  a  constant 
angle  y,  along  the  edge,  with  the  circum- 
ference. 

In  the  outward  and  inward  flow  wheels 
the  edges  are  elements  of  the  cylindrical 
surfaces  of  the  outer  and  inner  circum- 
ferences of  the  wheel,  and  in  the  parallel 
flow,  the  receiving  and  discharging  edge 
of  the  buckets  are  radial. 

Combinations  of  these  simple  wheels, 
however,  present  different  conditions ; 
the  inward,  and  downward  flow  wheels 
represented  by  the  Swain  and  Eisdon, 
for  example,  and  the  outward  and  down- 
ward flow  represented  by  the  Excelsior 
wheel. 

The  general  principles  to  be  kept  in 
view  for  all  buckets,  are  that  the  chan- 
nels between  the  buckets  shall  not  have 
abrupt  changes  in  direction;  that  they 
shall  be  as  short  as  possible;  that  the 
curvature  of  the  buckets  shall  be  contin- 
uous ;  that  the  discharging  edges  of  the 
buckets  shall  have  a  uniform  discharging 
angle,  and  that  the  cross-section  of  the 
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channels  between  the  buckets  shall  be  I  transparent  streams,  without  contraction, 
luiif  orm  throughout.  It  is  especially  in  order  that  that  these  streams  may  con- 
important  that  the  water  should  leaye  the  [  tinue  unbroken  through  the  wheel  to  the 
guide  blades  and  enter  the  wheel  in  clear,   point  of  discharge. 


SEWAGE  AND  IRRIGATION  WORKS  IN  GERMANY. 


From  "  The  Builder. 


The  question  of  sewage  irrigation, 
after  having  been  allowed  to  recede 
somewhat  into  the  background  for  some 
time,  is  again  attracting  public  attention 
to  a  more  than  ordinary  degree.  It  is  a 
subject  which  has  repeatedly  given  rise 
to  lively  controversy  in  England.  On 
that  account,  a  reference  to  what  other 
countries  have  been  doing,  and  are  still 
doing,  in  the  matter  will  be  of  interest. 
The  steps  taken  in  Germany,  with  that 
view  especially,  will  throw  additional 
light  on  the  knotty  point  whether  sewage 
irrigation  "pays."  Authorities  at  home 
disagree  on  the  financial  aspect  of  such 
undertakings,  but  it  has  been  proved 
that  better  crops  can  be  grown  with  sew- 
age alone  than  could  be  grown  under 
tillage,  costing  sometimes  as  much  as 
from  '21.  to  SI.  per  acre.  It  has  also 
been  shown  that  if  the  sewage  can  be 
delivered  upon  land  by  gravitation  close 
to  the  sewage  works,  this  mode  of  dis- 
posing of  it  is  more  profitable,  as  well  as 
more  consonant  with  the  objects  of  sew- 
ering towns,  than  discharging  it  into 
rivers  at  some  distance  below  them. 
Others,  again,  will  have  it  that  the  most 
economical  plan  to  dispose  of  town  sew- 
age is  to  carry  it,  if  possible  bodily,  far 
enough  into  the  open  sea  that  there  is 
no  chance  of  its  being  brought  back 
again  by  the  tide.  Whichever  system 
may  be  preferred,  or  whichever  may  be 
the  most  practicable  under  varying  con- 
ditions, we  think  it  will  be  sufficient  to 
show  that  if  irrigation  by  sewage  tends 
to  decrease  the  expense  of  removing  it 
from  towns,  it  will  be  the  more  economi- 
cal as  well  as  the  safer  way  of  disposing 
of  it.  As  we  have  said,  and  we  might 
cite  numerous  cases  in  this  country,  con- 
firmatory of  our  view,  so  much  has  been 
proved.  For  this  reason  we  need  not 
dwell  any  longer  on  the  question  as  it 
affects  England,  but  proceed  at  once  to 
examine   its   aspects  in  Germany.     And 


here,  again,  it  will  not  be  uninteresting 
to  note  that  the  Germans  have  taken  a 
leaf  out  of  our  book :  that  they  are  in- 
troducing, or  have  introduced,  a  system 
of  sewerage  into  some  of  their  larger 
cities  at  least,  partly  by  the  help  of 
British  engineering  and  British  capital; 
which  is  eminently  true  in  the  case  of 
Danzig,  at  one  time  one  of  the  most 
unhealthy  cities  of  the  Continent,  and  a 
city,  the  purifying  of  which,  was  a  far 
more  Herculean  task  than  the  celebrated 
cleansing  of  the  Augean  stable. 

Although  the  Danzig  contract  itself 
was  based  upon  the  extravagant  reports 
prevalent  in  England  (about  1865  to 
1870)  as  to  financial  results  of  sewage 
farming,  we  have  it  upon  the  best 
authority  that  experience  there  is  such, 
that  similar  undertakings,  if  properly 
arranged  and  conducted,  may  be  con- 
fidently recommended  for  safe  and  satis- 
factory investments.  Indeed,  the  Danzig 
undertaking  has  turned  out  so  well,  as 
we  shall  presently  be  able  to  show,  that 
the  municipal  authorities  of  another 
large  city,  viz.,  Breslau,  formerly  also 
notorious  for  its  insalubrious  condition, 
with  a  population  of  270,000  souls,  have 
recently  concluded  a  contract  with 
Messrs.  J.  &  A.  Aird  &  Mare,  the  emi- 
nent Berlin  firm  of  engineers,  who  com- 
pleted the  Danzig  works,  and  have  been 
working  the  sewage  farm  there  for  some 
time,  for  laying  out  the  land  and  under- 
taking the  management  of  the  works  and 
farming  for  twelve  years.  Moreover, 
Berlin,  with  over  a  million  inhabitants, 
after  having  for  several  years  made  a 
most  exhaustive  series  of  trials  of  all  the 
known  or  projected  systems,  has  finally 
adopted  the  irrigation  system.  The  chief 
engineer  of  the  Berlin  municipality,  Herr 
Baurath  Hobrecht,  states  the  total  cost 
of  the  irrigation  arrangements,  including 
purchase  of  the  land,  buildings,  cost  of 
mains  from  the  pumping  stations,  laying 
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out  the  lands,  roads,  etc.,  to  be  260  tha- 
lers  per  niorgen,  or  about  60/.  per  acre, 
the  morgen  being  about  six-tenths  of  an 
acre.  The  Berlin  authorities  are  com- 
pletely satisfied  with  the  financial  results. 
After  this  general  preliminary  state- 
ment, let  us  consider  the  case  of  Danzig ; 
and  as  the  supply  of  water  is  closely  con- 
nected with  the  removal  of  sewage — in- 
deed the  latter  could  not  be  thought  of 
without,  a  few  remarks  on  that  point  will 
be  necessary.  The  municipality  of  Dan- 
zig resolved  as  early  as  1863  to  provide 
the  city  with  pure  drinking-water  and  a 
complete  system  of  sewerage.  The  Dan- 
zig waterworks,  if  a  system  of  wooden 
pipes  liable  to  pollution  from  external 
causes  may  be  called  by  that  name,  dated 
from  the  time  of  the  German  Knights. 
They  only  supplied  water  for  general  use, 
however,  and  drinking  water  was  brought 
into  the  city  on  wagons,  and  was  sold  at 
a  high  rate.  However,  with  the  opening 
of  the  new  waterworks  in  1869,  by  which 
pure  water  was  brought  a  distance  of 
about  fifteen  miles  from  reservoirs  circa 
350  ft.  above  sea  level,  all  this  was 
changed.  The  daily  supply,  since  the 
day  of  their  opening,  has  varied  between 
%  245,000  and  400,000  cubic  feet.  The 
total  cost  for  executing  all  the  works  con- 
nected with  the  undertaking  has  been  not 
quite  550,000  thalers  (£82,000). 

The  draining  system  of  the  city  was  so 
defective  that  it  would  have  been  ex- 
tremely injudicious  to  discharge  into  it 
an  increased  quantity  of  used  and  pollu- 
ted water.  The  highly  dangerous  accu- 
mulation of  filth  of  all  descriptions  in 
houses  and  courts,  street  gutters  and 
cesspools,  as  well  as  in  the  public  water 
reservoirs,  called  for  urgent  reform,  by 
introducing  a  new  system  of  drainage. 
When,  therefore,  the  question  of  water 
supply  was  once  determined,  the  carrying 
out  of  drainage  works  could  be  seriously 
thought  of.  A  contract  was  concluded 
with  Messrs.  Aird  for  executing  them, 
and  detailed  plans,  on  the  project  as  sub- 
mitted by  Herr  Barauth  Wiebe,  of  Berlin, 
were  prepared  by  Mr.  Baldwin  Latham, 
C.  E.  The  works  were  begun  in  August, 
1869,  and  completed  by  the  end  of  1871, 
at  a  cost  of  700,000  thalers  (£105,000). 

There  remains  to  consider  the  more 
important  part  of  our  subject,  the  dispo- 
sal of  the  sewage  for  irrigation  purposes 
in  Danzig.     In  the  absence  of    a  more 


conveniently  situated  and  better  site,  the 
dune  district  on  the  coast  of  the  Baltic, 
between  Weichselmiinde  and  Heubude, 
the  property  of  the  city  of  Danzig,  has 
been  selected  as  the  ground  for  purifying 
the  sewage  and  utilizing  it  for  agricul- 
tural purposes.  The  land  in  question 
was  partly  covered  with  firs ;  about  200 
morgens  were  let  for  pasturage,  at  the 
low  rent  of  50  thalers. 

By  the  contract  of  September  13, 1869, 
Mr.  A.  Aird  acquired  the  right  to  use  the 
sewage  of  Danzig,  as  well  as  a  grant  of 
2,000  morgens  for  irrigation  and  farming 
purposes,  for  a  term  of  thirty  years,  for 
which  Mr.  Aird  undertook,  for  a  like 
period,  to  keep  in  perfect  repair  and 
working  order  all  the  sewers  and  drains, 
and  the  pumping-station.  The  expenses 
for  this  undertaking  of  Mr.  Aird's  may 
be  estimated  at  from  8,000  to  10,000 
thalers  (£1,500)  per  annum.  At  the  end 
of  the  term,  Mr.  Aird  has  to  give  up  pos- 
session of  the  land,  with  all  improve- 
ments and  plant,  without  claiming  com- 
pensation for  the  capital  laid  out  in  the 
cultivation  of  the  land.  Any  buildings 
erected  by  him  he  may  take  down  and 
remove,  unless  the  city  of  Danzig  choose 
to  purchase  the  same  at  a  valuation. 
The  contract  was  a  risky  undertaking, 
yet,  as  will  be  shown  by  and  by,  Mr.  Aird 
has  rendered  by  it  a  great  service  not 
only  to  Danzig  but  also  to  other  German 
cities  which  have  undertaken  similar 
works. 

The  plant  at  the  pumping  station  in- 
cludes two  steam  engines,  each  sixty- 
horse  power,  of  which  one  is  at  work,  as 
a  rule,  only  from  fourteen  to  eighteen 
hours  a  day.  During  heavy  rains,  and 
from  May  to  September,  one  engine  is 
always  at  work.  In  the  former  case, 
from  350,000  to  390,000  cubic  feet,  in  the 
latter,  from  525,000  to  550,000  cubic  feet, 
— of  which  about  175,000  cubic  feet  are 
water  let  in  from  the  river  Mottlau,  as 
then  the  sewage  alone  would  not  be 
sufficient — are  daily  taken  to  the  area  of 
irrigation.  The  channel  into  which  the 
delivery-pipe  empties  itself  lies  at  the 
highest  point  of  the  dune,  feeding  from 
here  all  the  principal  irrigation  trenches. 
The  latter  branch  off  on  both  slopes,  and 
give  off  again  into  smaller  channels. 
The  ground  is  leveled  in  accordance 
with  the  gradient,  the  irrigation  being 
affected  according-  as  it  is  wanted,  either 
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by  damming-  up  or  through  furrows. 
Should  there  be  any  surplus  sewage,  this 
flows  into  the  sea. 

A  few  words  as  to  the  nature  of  the 
ground.  The  dune  district  in  question, 
it  should  be  stated,  is,  by  its  nature,  very 
little  suited  for  agricultural  pirrposes, 
and  for  purifying  sewage.  The  sterility 
of  the  dune  sand  is  still  further  in- 
creased by  being  impregnated  nearly 
everywhere  with  a  fine  red  sand,  so-called 
JFuchssand  (a  kind  of  red  garden  gravel). 
The  hilly  configuration  of  the  ground, 
moreover,  made  the  works  of  leveling 
rather  expensive,  the  cost  of  the  area 
brought  under  cultivation  being  £11  5s. 
per  morgen  (£15  15s.  per  acre),  but  will 
be  much  less  in  the  future.  In  conse- 
quence of  the  capillarity  of  the  sand,  the 
level  of  the  ground  water  is  very  high, 
and  this  increases  the  difficulty  of  drain- 
ing. The  growth  of  the  shooting  and 
young  plants  is  not  unfrequently  jeopar- 
dised by  sand-drifts. 

Although  dune  sand  at  first  permits 
sewage  water  to  run  through  it  more 
quickly  than  is  desirable,  its  power  of 
absorption  is  still  great  enough  to  allow 
of  the  development,  even  in  the  first 
year,  of  a  luxurious  vegetation  of  the 
most  exacting  plants.  In  consequence 
of  the  property  inherent  in  roots  of 
plants,  not  only  of  appropriating  sub- 
stances contained  in  solution  in  the 
ground  water,  but  also  of  dissolving  and 
absorbing  matter  coming  into  contact 
with  the  finest  root-fibres,  luxuriousness 
of  vegetation  contributes  no  less  to  puri- 
fying of  sewage  water  than  does  the 
power  of  absorption  of  the  soil.  But 
the  latter  also  steadily  and  speedily  in- 
creases, consequent  upon  the  rapidly  pro- 
gressing formation  of  humus,  to  which 
the  organic  substances  suspended  in  sew- 
age water,  and  being  deposited  in  the 
sand,  as  well  as  the  decomposing  re- 
mains of  vegetable  substances  produced, 
contribute  equally  largely. 

The  filtrated  water,  if  it  does  not  come 
into  contact  with  the  red  sand,  and  is 
not  colored  reddish  by  it,  is  quite  clear, 
free  from  smell,  and  tasteless.  The  puri- 
fying process  has  been  complete.  The 
filtrated  water  has  been  tested  in  vain  by 
chemical  analysis  for  the  complicated 
chemical  elements  of  a  urinary  or  fcecal 
nature.  They  have,  as  far  as  they  have 
not  been  absorbed  by  the  soil  or  assimi- 


lated by  the  roots  of  plants,  experienced 
a  lasting  change  of  substance,  and  have 
been  oxydized  to  carbonic  acid,  nitric 
acid,  ulmic  acid,  butyric  acid,  etc.,  by  the 
oxygen  of  the  air  contained  in  the  soil 
and  continually  replaced. 

Of  the  dune  area  intended  for  agricul- 
tural purposes,  there  were  in  cultivation, 
in  1872,  30  morgens ;  in  1873,  120  mor- 
gens ;  in  1874,  250  morgens.  These 
operations  had,  to  some  extent,  the  char- 
acter of  experiments,  which  were  to  form 
sound  foundations  for  future  cultivation. 
There  not  being  a  market  for  fresh-cut 
grass,  and  haymaking  interfering  with 
the  development  of  the  after-growth,  the 
cultivation  of  grass  is  considerably  con- 
fined, and  that  of  beet-root,  turnips,  maize, 
oil-seeds,  cereals,  vegetables,  also  tobacco, 
carried  on.  In  1876,  500  morgens  were 
leveled  and  prepared  for  cultivation  and 
tilled  as  follows : — 90  morgens  with 
beets,  34  morgens  with  colza,  60  morgens 
(on  which  that  year  for  the  first  time 
oats  were  grown)  with  rape-seed,  50  mor- 
gens with  buckwheat,  12  morgens  with 
barley,  12  morgens  with  tobacco  and 
maize,  15  morgens  (on  which  rape-seed 
and  flax  had  stood)  with  late  turnips,  1^- 
morgen  with  hemp,  1  morgen  with  cara- 
way-seed, 50  morgens  with  Timothy 
grass  and  clover  (sown  end  of  June  and 
beginning  of  August),  5  morgens  with 
vegetables :  170  morgens  of  freshly 
leveled  land  were  reserved  the  same 
year  (1876)  for  planting  next  spring  with 
beets  and  other  summer  crops. 

The  irrigation,  as  already  stated,  was 
begun  on  a  small  scale  in  1872  after — at 
the  end  of  1871 — the  sewerage  system 
had  been  completed.  A  beginning  was 
made,  as  in  England,  with  Italian  rye- 
grass. An  area  of  eight  morgens,  first 
laid  out,  was  sown  on  May  1,  with  rye- 
grass ;  the  first  cut  was  taken  on  June 
12,  of  a  length  of  18^  in. ;  the  second 
on  July  5,  of  19^  in. ;  the  third,  on  July 
30,  of  20  in. ;  the  fourth,  on  September 
5,  of  20^  in. ;  the  fifth,  on  November  1, 
of  28^-  in.  The  second  area,  of  6£  mor- 
gens, was  sown  on  June  7,  and  gave  four 
harvests — on  July  8,  August  7,  Septem- 
ber 23,  and  November  3 — of  similar 
lengths.  The  third  area,  of  4  morgens, 
was  sown  on  August  14,  and  gave  in  Oc- 
tober, a  cut  of  24  in.  long.  In  1872,  the 
grass  grew  at  the  rate  of  1  in.  in  twenty- 
four  hours. 
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Those  few  figures  show  the  extraordi- 
nary effect  of  sewage  irrigation  upon  ster- 
ile sand ;  indeed,  the  growth  of  grass  the 
following  year  was  still  greater.  Al- 
though rye-grass  is  the  best  for  irriga- 
tion, because  it  not  only  withdraws,  by 
its  fine  roots,  most  surely  the  organic 
matter  contained  in  sewage  (according  to 
recent  observations  even  animal  sub- 
stances direct,  like  insectivorous  plants), 
but  also  favors?  by  the  intertwining  of  its 
roots,  the  filtration  of  water,  it  was 
found  necessary  to  attempt  also  other 
products  of  the  field,  as  no  buyers  could 
be  found  for  the  great  quantity  of 
grass  obtained,  and  there  was  not  a  large 
stock  of  cattle  in  the  neighborhood. 
Mr.  Aird  had  to  decide  whether  he  was 
to  acquire  a  large  farming  stock  and  be- 
come a  cattle-breeder,  or  whether  he  was 
to  proceed  to  utilize  the  irrigated  are  a  in 
another  way.  Beets,  wheat,  rye,  rape- 
seed,  mustard,  and  tobacco,  were  grown  ; 
nest,  vegetables  were  attempted;  and, 
finally,  also  flowers — the  latter  for  their 
seeds.  Besides  the  area  under  cultiva- 
tion by  him  direct  in  1876,  36  morgens 
were  devoted  to  vegetables  and  flowers, 
and  244  morgens  let  out  on  leases.  The 
farmers  grew,  especially  Swedes,  sum- 
mer corn,  and  tobacco  (18  morgens). 
The  cultivation  of  the  latter  is  said  to  be 
very  remunerative,  and  the  tobacco,  if 
not  a  Havana  leaf,  to  be  certainly  of  a 
good  flavor. 

But  not  only  the  dimensions  of  the 
area  cultivated  have  increased,  the  yield 
has  become  better  paying,  even  hand- 
some. A  proof  of  this  is,  that  already 
half  of  the  irrigation  area  is  let.  In 
1876,  from  15  to  20  thalers  were  paid  per 
morgen ;  in  1877,  the  offers  went  up  as 
high  as  24  thalers  per  morgen,  or  about 
£5  per  acre,  and  this  for  soil  formerly 
dune  sand.  Those  rents  are  explained 
by  looking  over  the  yields  as  given  in  the 
table  below : — 


Cereals,  &c. 


Seed 
sown. 


Yield  -of 
Corn. 


Winter  wheat 

Winter  rye 

Summer  rye 

Barley 

Oats 

Winter  colza 

Winter  rapeseed. . 
Summer  rapeseed . 


Scheffel. 
1.20 
1.10 
1.35 
1.40 
2.00 
1.40 
1.10 
1.60 


Scheffel. 

15i 

12 

9 

1H 
2H 
13i 
14 


Straw. 


Cvrt. 

22£ 

29 

12 

12 

16 
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In  1876,  from  200  cwt.  to  320  cwt.  of 
swedes,  according  to  the  age  of  the  irri- 
gated field,  were  obtained  per  morgen. 
Tobacco  yielded  about  13|-  cwt.  The 
cereals  grown  were  good,  partly  excellent 
(rye,  oats,  summer  rape),  and  sold  readi- 
ly at  market  rates,  as  well  as  the  straw, 
which  was  very  healthy,  Swedes  fetched 
in  1876,  from  10c?.  to  lie?,  per  cwt.  ; 
tobacco  £1,  lis.  6c?.  per  cwt.  The  yield 
of  hay  wa's  in  the  second  year  (1873)  in 
the  area  on  which  Timothy  and  clover 
were  grown  from  26  cwt.  to  27  cwt.  per 
morgen,  and  sold  at  3  s.  9c?.  to  4s.  per 
cwt.  The  area  planted  with  vegetables, 
and  flowers  for  seed,  yielded  110  thaler 
brutto  per  morgen.  Mustard  gave  5£ 
cwt.  per  morgen. 

An  important  question  arose  as  to  how 
the  irrigation  system  would  work  in  win- 
ter. Danzig  is  much  exposed  to  the 
tempering  effect  of  the  sea,  but  still  the 
winters  are  very  severe.  But  since  the 
beginning  of  the  irrigation,  the  latter  has 
been  carried  on  throughout  the  winter 
without  difficulty.  The  sewage  arrives 
on  the  field  even  if  the  cold  weather  is 
continuous  ;  at  most  a  thin  ice  crust  is 
formed,  below  which  it  runs  and  sinks 
into  the  ground.  As  the  growth  is  then 
at  a  standstill,  even  of  rye-grass,  it  will 
not  be  frozen  out.  Newly  prepared 
ground  is  principally  irrigated  in  winter, 
so  that  it  receives  a  thorough  manuring 
then. 

The  consumption  of  sewage-water  in 
summer  is  already  so  large  that  addition- 
al water  is  let  into  the  drains  from  the 
river  Mottlau.  The  large  quantities  of 
water  which  are  thus  daily  brought  on  to 
the  irrigation  area  must,  of  cotu'se,  find 
a  natural  outflow.  This  is,  in  the  first 
place,  the  ground-water,  the  level  of  which 
is  from  3  ft.  to  5  ft.  under  the  surface. 
The  filtrated  water  collects  in  small 
ditches,  which  lead  into  larger  channels, 
emptying-  directly  or  indirectly  into  the 
Vistula. 

Of  course,  we  might  give  detailed  sta- 
tistics of  the  indirect  benefit  conferred 
by  the  the  drainage  works  on  the  health 
of  Danzig.  But  this  not  being  within 
the  scope  of  the  present  inquiry,  though 
an  important  consideration  in  all  sewer- 
age undertakings,  we  need  only  remark 
that  they  are  most  striking.  To  mention 
only  one  instance,  frequently  the  cause  of 
great  mortality,  that  of  typhus  fever,  gen- 
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erally  the  result  of  bad  drainage.  In 
1868  the  deaths  from  that  disease  were 
eighty-nine;  in  1876,  they  were  only 
twelve. 

The  above  statement  will  give  our 
readers  a  fair  idea  of  the  Danzig  works, 
and  the  prospects  of  similar  undertakings 
in  Germany.  We  may,  however-,  point  to 
the  case  of  Danzig  as  one  in  which  the 
change  from  the  formerly  prevailing 
abominable  system — system  is  almost  too 
good  a  word  for  a  state  of  matters  where 
everything  was  worse  than  chaos, — to  a 
well-regulated  arrangement  of  sewerage 
and  sewage  irrigation,  coupled  with  a 
bountiful  supply  of  pure  water,  has  been 
most  beneficial. 

Altogether,  the  results  have  been  as- 
tonishing. On  the  one  hand,  a  desolate 
moving  dune  district  has  been  changed, 
as  if  by  the  wand  of  an  enchanter,  into 
fertile  fields  and  garden  land.  On  the 
other,  a  city  formerly  the  permanent 
stronghold  of  filth  and  disease,  the  soil 
of  which  was  reeking  with  unclean  accu- 
mulations, to  which  additions  were  daily 
being  made — its  inhabitants  breathing 
the  noxious  effluvia  with  such  a  combina- 
tion of  nastiness  produces,  and  drinking 
poisonous  water, — has  been  transformed 
into  a  healthy  city.  What  is  more  re- 
markable, the  change  has  been  effected  at 
a  comparatively  moderate  cost  Indeed, 
the  expense  must  be  looked  upon  as  small 
when  we  consider  what  an  immense 
amount  of  good  has  been  done. 

We  now  proceed  to  consider  the  case 
of  the  German  capital.  The  drainage  of 
^Berlin  has  been  a  most  difficult  and  com- 
plicated subject  for  the  engineer.  Until 
1873, — when  the  necessity  for  doing 
something  in  the  matter  of  the  general 
drainage  of  their  city  was  recognized  by 
the  corporation,  and  the  work  of  canali- 
sation commenced, — the  capital  was  with- 
out any  properly  regulated  system  of 
drains  and  sewers.  It  is  true  a  number 
of  schemes  had  been  proposed,  and  for 
various  reasons,  some  of  a  technical, 
others  of  a  financial  nature,  rejected;  the 
•earliest  proposal  dating  from  1816. 

About  twelve  years  ago  a  plan  for  the 
drainage  of  Berlin  was  submitted  to  the 
.authorities  by  Herr  Geheim-Oberbaurath 
Wiebe.  In  this,  one  system  of  sewers  for 
ihe  whole  city  was  projected,  with  amain 
outlet  in  the  river  Spree  near  Charlotten- 
burg.     Berlin  being  very  flat,  and  only  a 


few  feet  above  the  level  of  the  river,  the 
execution  of  this  project, — a  main  sewer 
necessarily  falling  from  end  to  end  of  the 
city  (  with  provision  for  future  extension 
in  all  directions), — the  subsoil  being  run- 
ning sand,  permitting  water  to  percolate 
in  large  quantities,  would  have  been  at- 
tended with  great  difficulties  and  enor- 
mous expense,  and  was  consequently  also 
rejected. 

The  project  of  Herr  Baurath  Hobrecht, 
adopted  in  1873,  and  now  being  carried 
out,  however,  is  based  upon  what  is  called 
in  Germany  the  "radial"  system — a  sys- 
tem eminently  suited  to  the  special  cir- 
cumstances of  Berlin,  besides  preventing 
the  pollution  of  the  river,  the  sewage  be- 
ing ultimately  used  for  irrigation  pur- 
poses. There  are  five  systems  of  sewers, 
each  with  a  pumping-station,  and  each 
starting  from  the  centre  of  the  city  and 
running  in  a  different  direction. 

The  many  advantages  of  this  plan  are 
at  once  apparent.  The  main  sewers  are, 
as  a  great  depth  is  in  no  case  necessary, 
comparatively  easy  to  execute;  the  branch 
sewers  in  proportion.  As  any  extensions 
can  only  be  necessary  in  the  periphery, 
the  works  in  the  central  (built-upon)  area 
have  an  unusually  permanent  character, 
and  are  never  likely  to  be  subject  to 
alteration.  The  extensions  necessary  can 
easily  be  connected  without  any  inter- 
ruption to  the  trunk  systems.  The  height 
the  sewage  has  to  be  pumped  is  much  re- 
duced. It  is  undoubtedly  also  an  advant- 
age that  the  authorities  are  in  no  way 
bound  to  any  one  particular  site  or  direc- 
tion as  to  irrigation  areas.  Besides  these 
advantages,  the  dangers  of  serious  flood- 
ing, accidents,  disturbances,  etc.,  are 
greatly  lessened  by  this  division  and  dis- 
tribution. 

The  works  in  Berlin  are  approachiug 
completion.  Already  two  radial  systems 
are  working,  so  far  as  pumping  operations 
are  concerned,  and  already  for  two  sea- 
sons irrigation  has  been  carried  on,  and 
with  most  satisfactory  results.  It  is  to 
be  hoped  that  the  Metropolitan  Board  of 
Works  will  one  day  take  courage,  and 
address  to  the  municipal  authorities  of 
Berlin  an  official  inquiry  on  the  subject. 

The  irrigation  area  for  the  three  sys- 
tems on  the  south  side  of  the  Spree  is 
distant  from  the  various  pumping-stations 
about  eight  miles.  In  order  to  reach  the 
fields  by  gravitation,  the  sewage  has  to 
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be  lifted  at  the  stations  nearly  65  ft.  In 
the  middle  of  this  year  the  amount  of 
sewage  passed  through  the  pumping- 
station  of  the  radial  system  No.  III.  was 
nearly  240,000,000  gallons  per  month, 
which  is  only  about  the  sixth  part  of  the 
maximum  capacity  of  that  station. 

The  irrigation  farm  of  Osdorf  com- 
prises, in  round  numbers,  about  2,000 
acres,  of  which  at  present  about  500  acres 
have  been  adapted  for  irrigation.  Of  this 
area,  225  acres  are  grass  land,  150  acres 
are  used  for  market-gardening,  while  125 
acres  are  covered  by  shallow  reservoirs, 
serving  for  storing  provisionally  the  sew- 
age during  winter,  should  severe  weather 
involve  a  stoppage  of  the  irrigation.  The 
irrigation  ground  is  undulating,  rising  in 
some  instances  40  ft.  The  delivery-pipe 
is  carried  to  nearly  all  higher-lying  points, 
where  there  are  outflow-holes  with  ordin- 
ary slides.  The  steeper  slopes  are  cov- 
ered with  Italian  rye-grass,  while  the 
more  level  ground  is  used  for  vegetable- 
growing,  and  for  this  purpose  formed 
into  terraces,  with  narrow  raised  beds, 
divided  by  trenches,  from  which  the  water 
penetrates  laterally  to  the  roots.  The  paths 
between  the  fields  are  planted  with  fruit- 
trees,  the  luxurious  growth  of  which, 
combined  with  the  even  more  than  luxu- 
rious look  of  the  fields,  imparts  a  most 
satisfactory  impression. 

The  irrigation  area  at  Osdorf  has  been 
acquired  at  an  expense,  including  the 
laying  out  of  the  farm,  of  £125,000  (over 
£60  an  acre).  The  total  cost  of  the 
draining  and  sewerage  of  Berlin  is  esti- 
mated at  £2,000,000.  There  will  be  two 
sewage-farms  on  the  north  side  of  the 
river  Spree,  when  the  drainage  of  that 
part  of  the  city  is  once  in  working  order. 

Strange  to  say,  the  project  was  at  first 
looked  upon  with  most  unfavorable  eyes 
by  the  rich  as  well  as  the  poor  of  the 
German  capital ;  but  what  is  stranger 
still,  the  municipal  authorities  of  Berlin 
as  those  of  other  German  cities  where 
sewage  and  irrigation  works  have  been 
projected,  met  with  but  scant  encourage- 
ment from  the  Government.  However, 
the  beneficial  effects  are  already  appear- 
ing, in  a  direction,  too,  in  which  the 
poorer  classes  of  Berlin  have  hitherto 
been  great  sufferers.  Leaving  out  of  the 
question  the  improvement  in  the  sanitary 
condition  of  the  city, — which,  of  course, 
is  by  itself  a  highly  important  factor, — 


the  Berliners  are  already  reaping  sub- 
stantial advantages.  The  success  of 
market-gardening  on  the  communal  irri- 
gation farm,  the  excellent  quality  of  the 
vegetables  of  all  descriptions  grown  there, 
has  sent  down  the  prices  of  those 
indispensable  commodities  wonderfully. 
"  When  once  the  works  are  a  few  years 
older,  when  a  little  more  experience  has 
put  them  more  in  working  order,  espec. 
ially  when  gardeners  practised  in  the 
systematic  cultivation  of  market-gardens 
have  been  engaged,"  writes  us  a  corres- 
pondent intimately  acquainted  with  Ber- 
lin, "the  Berliners  will  not  be  long  in 
turning  enthusiastic  defenders  of  the 
welcome  little  stranger,  formerly  very 
much  ill  used,  which  has  brought  them 
clean  streets  without  open  gutters,  pure 
air,  salubrious  water-closets  and  courts, 
and  good  vegetables  and  milk,  which  will 
now  also  be  within  the  reach  of  the  poor 
man." 

A  few  words  in  conclusion  as  regards 
sewage  and  irrigation  works,  with  which 
waterworks  are  closely  connected,  in 
Germany.  People  in  that  country  are 
gradually  becoming  alive  to  the  fact  that 
the  health  of  towns  may  be  inrproved  by 
the  supply  of  pure  air  and  pure  water. 
Witness  the  numerous  works  undertaken 
with  this  view,  not  only  in  the  larger 
cities,  but  also  in  smaller  towns,  the  mere 
mention  of  which  would  make  up  a  very 
respectable  list.  Of  the  more  populous 
cities,  besides  the  two  which  form  the 
subject  of  this  article,  the  cases  of  Bres- 
lau  and  Munich  may  be  cited.  As  re- 
gards Breslau,  the  sewer  system,  on 
which  Messrs.  Aird,  of  Berlin,  have  been 
engaged  during  the  last  few  years,  will 
be  completed  in  7879.  Sewage  irrigation 
is  to  come  into  operation  there  on  the 
completion  of  the  works.  The  lands 
are  already  being  prepared  for  irrriga- 
tion. 

With  respect  to  Munich,  plans  for  the 
sewerage  have  been  prepared  by  J.  Gor- 
don, C.E.  (formerly  of  Carlisle).  The 
execution  of  those  plans  involves  an  esti- 
mated expenditure  of  £734.000,  and  they 
are  now  being  revised  by  Herr  Geheim- 
rath  Wiebe.  A  deputation  of  the  Munich 
magistracy  recently  spent  some  days  in 
Danzig,  inspecting  the  works  there  and 
visiting  the  farm.  Departing,  they  ex- 
pressed the  most  thorough  approval  of 
the  system  and  the  arrangements. 
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REPORTS  OF  ENGINEERING  SOCIETIES. 

American  Society  op  Civil  Engineers. — 
The  last  numbers  of  Transactions  are 
well  filled  with  important  matter.  The  follow- 
ing papers  are  published  with  abundant  illus- 
trations : 

No.  166.  Reminiscences  and  Experiences  of 
Early  Engineering  Operations  on  Railroads, 
with  especial  reference  to  steep  inclines.  By 
W.  Milnor  Roberts. 

Discussions  on  Inclined  Planes  for  Railroads. 
By  O.  Chanute  and  by  Wm,  H.  Paine. 

No.  167.  Distribution  of  Rain  Fall,  October 
3d  and  4th,  1869      By  James  B.  Francis. 

No.  168.  The  Gauging  of  Streams,  By  Clem- 
ens Herschel. 

No.  169.  Dangers  Threatening  the  Navigation 
of  the  Mississippi  River,  and  the  Reclamation 
of  Alluvial  Lands.     By  B   M.  Harrod. 

No.  179.  Brick  Arches  for  Large  Sewers.  By 
R.  Hering. 

No.  180.  Fall  of  the  Western  Arched  Ap- 
proach to  South  Street  Bridge  in  Philadelphia. 
By  D.  McN.  Stauffer. 

Discussions  on  above  Papers.  By  E.  S.  Ches- 
borough,  TV.  Milnor  Roberts,  F.  Collingwood, 
and  R.  Hering. 

Engineers'  Club  op  Philadelphia. — At 
the  meeting  of  the  Club  held  January 
18th,  Mr.  D.  McN.  Stauffer  read  a  paper  on 
"  Conical  Arches."  The  eastern  approach  to  the 
South  Street  bridge  in  this  city  is  made  up,  in 
part,  of  a  somewhat  peculiar  piece  of  arched 
masonry,  which  contains  certain  novel  features 
of  useful  application  at  other  points. 

The  center  lines  of  South  Street  and  of  the 
bridge  proper  intersect  at  an  angle  of  33°  25', 
necessitating  a  curve  in  the  approach  from  the 
east.  To  conform  in  design  with  the  "late 
lamented"  western  arched  approach,  this  curve 
was  pierced  by  three  arches.  By  adopting  the 
conical  arch  much  money  was  saved  in  the 
foundations,  in  the  arch  piers  themselves,  and 
in  the  haunching  above  them.  The  improve- 
ment in  appearance,  brought  about  by  substi- 
tuting the  light  arch  for  the  heavy  thickened 
pier  ends,  sometimes  adopted  in  similar  cases, 
is  certainly  very  great. 

A  full  and  detailed  description  of  the  arch 
was  given  and  its  peculiar  features  explained. 

Mr.  R.  Hering  mentioned  having  seen  the 
arch-work  on  42d  Street,  New  York,  which  fell 
during  last  fall,  and  also  brick  arch-work  in  the 
Brooklyn  approach  to  the  East  River  bridge, 
which  showed  very  decided  signs  of  giving  way. 
He  thought  if  the  bond  in  the  brick  work  of 
these  arches  had  been  properly  broken,  as  de- 
scribed in  Mr.  Stauffer's  paper,  that  they  would 
not  have  failed. 

Mr.  Ashburner  contributed  interesting  facts 
in  regard  to  the  recently  completed  ' '  Cleveland 
Viaduct."  The  pivot  span  of  this  bridge  is  the 
heaviest  in  this  country. 

Mr.  W.  B.  Ross  exhibited  a  series  of  cards 
which  lie  has  designed  for  the  use  of  engineers. 
They  are  intended  to  facilitate  and  expedite  the 
calculation  of  quantities  and  areas.  They  are 
particularly  convenient  in  calculating  excava- 
tions and  embankments.  Quantities  can  be 
ascertained  in  less  than  one-third  the  time  usu- 


ally taken.  The  error  is  always  a  percentage 
of  the  quantity,  and  is  about  constant,  being 
one-twentieth  of  one  per  cent. 

Mr.  Howard  Murphy  read  some  interesting 
notes  upon  the  early  waterworks  of  Philadelphia. 
It  has  been  shown  that  Franklin's  proposition, 
to  supply  the  city  with  water  from  the  Wissa- 
hickon  Creek,  would  have  given  the  required 
quantity  until  1868. 

Chas.  E.  Billin,  Secretary. 

At  a  meeting  of  the.  Manchester  Scientific 
and  Mechanical  Society  held  on  the  12th 
ult. ,  a  paper  on  the  methods  of  communication 
between  passengers  and  guards  on  railway  trains 
was  read  by  Mr.  W.  H.  Bailey.  The  writer, 
after  condemning  the  two  methods  at  present  in 
use,  viz.,  the  cord  system  and  electricity,  pro- 
ceeded to  describe  a  system  invented  by  Mr. 
Hy.  Morris,  of  Manchester.  By  this  system  a 
simple  apparatus,  attached  to  each  carriage,  put 
it  in  the  power  of  any  passenger  to  attract  the 
attention  of  the  guard  by  exploding,  in  rapid 
succession,  two  waterproof  detonators  or  fog 
signals  that  were  attached  to  the  end  of  each 
carriage,  and  at  the  same  time  showing  a  red 
disc  or  semaphore  at  right  angles  to  each  side 
of  the  carriage,  one  short  pull  of  the  handle  in 
any  compartment  being  all  that  was  necessary 
to  give  the  signal.  In  the  discussion  which 
followed  some  slight  improvements  in  the  de- 
tails of  the  apparatus  were  suggested,  but  gen- 
erally it  was  highly  commended  as  a  simple  and 
ell'ective  appliance;  and  very  much  preferable 
to  the  cord  system,  which  had  long  since  shown 
its  inefficiency. 

Liverpool  Engineering  Society.  —  This 
society  held  the  first  meeting  of  the  pres- 
ent year  on  Wednesday  evening,  the  15th  ult., 
at  the  Royal  Institution.  The  chief  business 
of  the  evening  was  the  reading  and  discussion 
of  the  paper  by  Mr.  J.  S.  Brodie  on  "The  Dis- 
posal of  Town  Refuse."  The  author  consid- 
ered that  in  spite  of  the  attention  that  has  been 
paid  to  this  all-importantant  subject,  and  the 
sums  of  money  that  have  been  spent  by  various 
companies  with  greater  or  less  results,  the  ques- 
tion as  to  how  best  to  get  rid  of  such  refuse  as 
that  from  dwellings,  factories  and  slaughter- 
houses remains  in  statu  quo.  With  a  view  to 
further  elucidation  and  discussion  the  present 
paper  was  written,  and  it  gives  a  clear  and  con- 
cise description  of  the  more  important  schemes 
that  have  been  tried  for  the  treatment  of  sew- 
age. Up  to  thirty  years  ago  town  refuse  was 
either  sent  into  the  nearest  watercourse  or  de- 
posited on  waste-land  with  the  effect  of  either 
poisoning  the  stream  or  polluting  the  air.  The 
introduction  of  gravitation  waterworks  and  the 
w.  c.  system  even  aggravated  the  former  evil, 
and  a  committee  was  appointed  in  1866,  which, 
after  ten  years'  labor,  made  a  report,  the  result 
of  which  was  the  Rivers  Pollution  Act.  Natural 
watercourses  being  barred  as  receptacles  for 
sewage,  recourse  was  had  to  other  methods  of 
disposing  of  it,  and  Mr.  Brodie  considered 
those  which  had  been  tried  as  (1)  Precipitation, 
(2)  Filtration,  (3)  Irrigation.  Under  the  first 
head  Scott's  lime  and  cement  process  was  de- 
scribed and  a  specimen  of  the  cement  was 
exhibited;  Whitthead's  and   the  celebrated  A. 
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B.  C.  were  also  described.  Weare*s  and  Bailey 
Denton's  mode  of  filtration  came  next.  Passing- 
over  irrigation  as  an  agricultural  question,  the 
author  next  described  the  Rochdale  tub  system 
and  earth  closets.  In  conclusion,  Mr.  Brodie 
believed  that  unless  something  altogether  unex- 
pected came  forward,  towns  would  have  to 
contrive  to  pay  to  get  rid  of  their  refuse  just  as 
they  have  to  pay  for  their  water  supply. 


IRON  AND  STEEL  NOTES. 

T1  he  Age  op  Steel.— Since  the  Admiralty 
approved  of  steel  for  shipbuilding,  the 
use  of  iron  for  this  purpose  has  rapidly  dimin- 
ished. The  iron  trade,  indeed,  is  in  a  most  de- 
plorable state  from  this  and  other  causes.  Not 
only  has  it  to  cope  with  the  prevailing  depres- 
sion, but  it  has  fallen  into  disfavor  for  many 
of  the  purposes  to  which  it  was  at  one  time 
exclusively  applied.  For  torpedo  launches  it 
is  altogether  discarded  ;  and  there  are  indica- 
tions that  the  war-ship  of  the  future  will  be 
not  an  iron-clad,  but  a  steel-clad.  For  the 
splendid  vessels  of  the  Cunard  and  other  lines 
iron  propellers  are  now  a  thing  of  the  past,  j 
Only  last  Wednesday  there  was  launched  from  i 
Messrs.  J.  and  G.  Thomson's  yard,  at  Glasgow, 
the  largest  Cunard  steamer  yet  built,  the  Gallia,  J 
which  has  been  fitted  with  four  steel  propeller  ! 
plates,  each  of  which  weighs  65  cwt.  These  | 
are  the  largest  propeller  plates  ever  made.  They 
were  manufactured  by  Messrs.  John  Brown  & 
Co.,  Atlas  Steel  and  Iron  Works,  Sheffield. 
Of  course,  these  are  not  the  first  propeller  plates 
made  in  steel — another  Sheffield  firm  having 
been  engaged  in  this  speciality  for  some  time. 
Steel  is  pushing  iron  out  of  the  field  in  other 
departments,  such  as  boiler-plates,  bridge-plates, 
and  even  girders  for  house-building.  For  some 
time  now  the  Dutch  Government  have  employed 
nothing  but  steel  in  the  construction  of  their 
bridges ;  while  boiler-makers  are  rarely  calling 
for  iron-plates ;  and  the  difficulty  of  meeting 
Belgian  competition  in  iron  girders  is  being  ob- 
viated by  the  use  of  steel,  the  carrying  power 
of  which  is  greatly  superior  to  the  ordinary 
form  of  girders.  Altogether,  the  iron  trade, 
which  was  at  one  time  called  ' '  the  backbone 
of  England's  commercial  supremacy,"  is  simply 
becoming  a  servant  to  steel,  which  is  swiftly 
sweeping  the  ruder  metal  out  of  many  markets 
where  King  Iron  once  reigned  supreme. 

"T^Tew  Light  on  Steel-Making. — It  would 
_LN  seem  that  the  presence  of  more  than  one 
or  two-tenths  per  cent,  of  phosphorus  in  pig- 
iron  is  no  longer  to  be  considered,  as  hereto- 
fore, an  insuperable  obstacle  to  its  conversion 
into  ingot  steel.  It  was  established  by  the  Terre 
Noire  Company,  some  two  years  ago,  that  as 
much  as  0.32  per  cent,  of  phosphorus  can  be 
tolerated  in  very  mild  steel,  and,  as  is  well 
known,  large  quantities  of  Martin  steel  made 
from  old  iron  rails  and  pure  pig  have,  by  the 
aid  of  ferro-manganese,  been  manufactured  on 
this  principle.  The  difference  between  the  cost 
of  changing  old  iron  rails,  and  that  of  using 
pure  materials,  is,  however,  in  most  localities 
not  sufficient  to  cover  the  extra  expense  of  using 
ferro-manganese.      It  remained,   however,   an 


axiom  with  steel  makers,  that  no  removal  of 
phosphorus  could  be  hoped  for  in  any  direct 
steel  process,  till  it  was  announced  from  the 
Blaenavon  Ironworks  that  there  were  means  by 
which  phosphorus  could  be  removed  with  cer- 
tainty and  economy,  and  that  intensity  of  tem- 
perature was  no  obstacle  to  its  removal.  In 
confirmation  of  the  Blaenavon  experiments,  we 
learn  that  very  important  results  have  been  ob- 
tained in  Belgium  with  M.  Ponsard's  forno- 
convertisseur  lined  with  one  of  the  Blaenavon 
basic  preparations.  The  maintenance  of  the 
necessary  highly  basic  slag  was  effected  by  the 
addition  of  lime  and  a  certain  amount  of  ore, 
as  prescribed  by  Mr.  Thomas,  the  patentee  of 
the  process,  who  assisted  at  the  operations.  In 
the  first  cast  of  four  tons,  notwithstanding  that 
the  operations  were  conducted  under  very  un- 
favorable circumstances,  an  analysis  of  the  steel 
showed  that  90  per  cent,  of  the  phosphorus  con 
tained  in  the  pig  had  been  removed.  An  exam- 
ination of  samples  taken  at  intervals  shows  a 
progressive  decrease  of  phosphorus  in  the  bath 
and  its  transference  to  the  slag  ;  the  amount  of 
silica  in  the  latter  being  kept  at  about  22  per 
cent.  A  somewhat  more  basic  slag  is,  however, 
generally  preferred.  The  second  cast  gave  very 
similar  results.  As  the  Ponsard  apparatus  is 
able  to  deal  with  pig  very  low  in  silicon  there 
appears  to  be  now  no  class  of  pig  which  may 
not  be  considered  as  available  for  the  manufac- 
ture of  steel.  The  only  impurity  which  is  not 
removed  almost  completely  is  sulphur,  though 
this  is  eliminated  to  a  considerable  extent ;  for- 
tunately, however,  sulphur  is  readily  removed 
in  the  blast-furnace.  We  understand  it  is  now 
in  contemplation  to  regularly  work  the  Ponsard 
converter  in  combination  with  the  new  basic 
process  on  the  highly  phosphoretic  pig  of  Bel- 
gium and  Germany.  This  will  give  an  economy 
of  from  80  to  50  francs  a  ton  over  the  use  of 
Bessemer  pig,  and  give  a  fresh  life  to  the  droop- 
ing fortunes  of  the  manufacturers. 

RAILWAY  NOTES. 

At  the  meeting  of  the  North-Eastern  Rail- 
way Company,  the  chairman  stated  that 
he  thought  they  had  "broken  the  neck"  of  the 
signaling  difficulty.  They  had  spent  in  the 
half  year  on  new  works  about  £14,000,  but  still 
the  cost  of  maintaining  the  signaling  of  the 
line  was  something  like  £1,000  less  than  a  year 
ago,  and  they  had  now  interlocked  the  line  to 
nearly  2,750  places  in  four  years  and  a  half.  In 
the  permanent  way  they  were  now  deriving  the 
benefit  of  the  steel  rails,  which  were  such  a 
burden  to  them  for  a  long  time,  and  some  idea 
of  what  had  been  in  this  direction  may  be 
gleaned  from  the  fact  that  the  company  has  laid 
something  like  1,600  miles  of  single  line,  or  S00 
of  double  line  wholly  with  steel  rail?,  including 
nearly  the  whole  extent  of  the  main  lines.  The 
chairman  added  that  "though  he  hoped  they 
would  continue  to  feel  the  advantage  of  steel 
rails,  he  was  afraid  of  some  process  coming  into 
play  which  would  have  a  similar  effect  on  steel 
as  the  hot  blast  had  on  the  manufacture  of  iron, 
since  which  no  good  iron  has  been  made  in  the 
country. "  It  is  curious  that  we  have  done  so 
well  with  bad  iron  for  so  rnanv  years. 
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Railway  Work  in  Japan. — At  the  meeting 
on  Tuesday,  the  10th  of  December,  at 
the  Institution  of  Civil  Engineers,  Mr.  Bate- 
man,  President,  in  the  chair,  a  paper  was  read 
on  "  Railway  Work  in  Japan,"  by  Mr.  W.  Fur- 
niss  Potter,  M.  Inst,  C.  E. 

The  author  stated  that  there  were,  at  present, 
66A  miles  of  railway  in  Japan,  142f  miles  laid 
out,  with  working  plans,  sections,  and  estimates 
completed,  and  455  miles  projected,  the  general 
route  only  having  been  examined  and  decided 
upon.  The  earthworks  of  the  existing  lines 
had  been  made  for  a  double  way,  and  the 
bridges  for  a  single  way.  The  permanent  way 
was  of  double-headed  60  lb.  rails  on  the  Yeddo- 
Yokohama  and  Kobe-Osaka  lines  ;  but  on  the 
Osaka-Kioto  line,  60  lb.  flat-bottomed  rails  on 
cross  sleepers  were  used.  The  superstructure 
of  the  smaller  bridges  was  originally  of  timber, 
but  had  been  renewed  with  iron.  The  larger 
bridges  were  all  of  the  Warren  girder  type, 
and  as  a  rule  of  100  ft.  spans.  The  founda- 
tions were  on  brick  wells  12  ft.  in  diameter, 
and  on  an  average  about  60  ft,  deep.  Native 
examples  of  engineering  were  chiefly  remarka- 
ble for  their  temporary  character.  The  usual 
foundation  for  the  largest  buildings  was  only  a 
few  stones  on  the  surface  of  the  ground.  The 
natives  were  very  clever  in  making  artesian 
borings  for  water,  and  a  detailed  description  of 
the  modus  operandi  was  given.  The  workmen 
were  extremely  intelligent  and  industrious,  es- 
pecially the  carpenters,  who  were  by  far  the 
most  numerous  and  skillful.  The  wages  of 
first  class  carpenters  were  Is.  8d.  per  day  ;  of 
blacksmiths,  Is.  6d.  ;  of  bricklayers  and 
masons,  Is.  5d,  and  of  coolies,  lid.  Materials 
found  in  the  country  for  construction  were  not 
very  good,  except  timber,  which  was  abundant. 
No  limestone  possessing  hydraulic  properties 
had  been  found.  It  was  impossible  to  furnish 
any  reliable  information  as  to  the  cost  of  the 
works,  as  the  Japanese  officials  avoided  giving 
particulars  on  this  point  to  the  foreign  stall 
The  chief  engineering  difficulty  in  Japan  was 
the  treatment  of  the  water-shed.  The  beds  of 
the  rivers  were  nearly  all  higher  than  the  sur- 
rounding country,  varying  from  a  few  feet  to 
40  ft. ,  or  more.  In  some  instances  the  railway 
had  been  taken  under  the  rivers  by  tunneling, 
and  an  example  of  this  was  given.  As  a  rule, 
however,  the  rivers  were  bridged  over,  and  ap- 
proached by  steep  gradients,  and  high  embank- 
ments. The  flood-waters  were  confined  in  the 
rivers  by  huge  banks  which  were  gradually 
built  up  by  the  natives,  as  the  beds  of  the  river 
became  silted  up,  and  were  frequently  formid- 
able works.  The  general  character  of  the 
country  was  a  series  of  highly-cultivated  and 
well-watered  plains,  bounded  by  ranges  of  hills 
of  the  metamorphic  formation.  Where  these 
hills  had  to  be  crossed  there  would  be  some 
heavy  works.  These  features  were  described 
in  detail.  The  traffic  on  the  railways  already 
constructed  was  considerable,  and  it  was  esti- 
mated that  on  future  railways  the  passenger 
traffic  alone  would  pay  a  dividend  of  seven  per 
cent.  Not  much  had  been  done  in  goods 
traffic,  as  the  existing  lines  were  in  competition 
with  the  water  communications.  In  the  future 
development  of  railway  work  in  Japan,   two 


essential  points  were  necessary,  greater  econo- 
my of  construction,  and  the  introduction  of 
English  capital  and  enterprise.  These  could 
be  obtained  if  the  principle  of  surface  lines 
were  adopted,  and  the  natural  jealousy  of  the 
government,    of     foreign    interference,    were 

abolished. 

»-^^-« 

ENGINEERING  STRUCTURES. 

rpHE  Great  Hungarian  Tunnel,.— On  the 
J_  21st  October  the  great  Josef  adit  at  Schem- 
nitz  in  Hungary  was  opened.  The  works  have 
been  carried  on  since  1872,  the  Hungarian  Gov- 
ernment granting  £10,000  a  year  toward  them. 
The  adit  is  over  ten  miles  long,  being  some  50 
yards  longer  than  Mont  Cenis  Tunnel.  The 
total  cost  of  the  undertaking  was  £459,900  ;  it 
was  carried  out  entirely  by  Hungarian  enter- 
prise, and  partly  with  Hungarian  machinery. 

~D  ecord  of  a  Floating  Derrick. — The 
LV>  100-ton  floating  derrick  City  of  New 
York,  designed  by  Engineer  Isaac  Newton,  for- 
merly the  principal  assistant  of  Gen.  McClellan, 
has  just  been  taken  up.  This  structure  has  a 
remarkable  record.  It  was  launched  over  seven 
years  ago,  and  has  not  been  raised  from  the 
water  since.  During  this  period  it  has  been 
used  almost  daily  raising  weights  of  60  or  70 
tons.  At  one  portion  of  the  river  wall  in  1875 
it  transported  and  laid  1,780  cubic  yards  (3,560 
tons)  of  Beton  blocks,  laying  this  great  quantity 
of  masonry  in  less  than  18  days  in  14  feet  of 
water.  Before  it  was  launched,  its  computed 
weight  was  1,142,518  pounds;  and  its  actual 
displacement  on  launching  was  found  to  be 
1,142,644  pounds,  showing  a  remarkably  close 
calculation. 

The  derrick  has,  on  several  occasions,  lifted 
considerably  over  100  tons.  On  one  occasion  it 
raised  a  tug-boat,  which  had  filled  and  sunk, 
from  the  bottom  of  the  river  and  placed  it  on 
the  bulkhead..  Its  estimated  weight  was  130* 
tons. 

It  lately  launched  Ericsson's  torpedo  boat 
Destroyer,  by  raising  it  from  the  ground  and 
placing  it  in  the  water.  Notwithstanding  the 
severe  constant  use  to  which  the  machine  has 
been  subjected  no  accident  has  occurred,  and 
the  repairs  have  consisted  chiefly  of  two  renew- 
als of  the  wire  rope  of  the  main  fall. 


ORDNANCE  AND  NAVAL. 

IMPROVEMENTS  IN  STEEL  ARMOR  PLATES. 
Certain  improvements  in  the  manufacture 
of  steel  armor  plates  have  just  been  patented  by 
Mr.  Thomas  Hampton,  of  the  Phoenix  Bessemer 
Steel  Works,  Sheffield. 

The  inventor  informs  us  that  steel  plates  pro- 
duced under  this  patent  will  not  be  more  costly 
in  manufacture  than  the  ordinary  wrought-iron 
plates;  that  his  method  will  necessitate  no  alter- 
ation in  the  existing  plant  or  machinery,  while 
puddling  furnaces  are  entirely  dispensed  with. 
A  large  armor  plate  will  shortly  be  forwarded 
to  the  Admiralty  to  undergo  the  usual  tests  with 
shot  and  shell.  The  smaller  plates  heretofore 
experimented  upon  have  proved  so  satisfactory 
that  the  result  of  the  approaching  trial  is  await- 
ed with  confidence. 
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The  invention  consists  in  the  combination  of 
two  distinct  processes;  the  first  being  the  method 
of  building  up  or  construction  of  the  plate  for 
the  purpose  of  obtaining  a  quality  of  steel  pos- 
sessing great  toughness,  the  second  process  con- 
sisting in  case-hardening  or  recarbonizing  the 
surface  or  part  of  the  surface  of  plates  so  con- 
structed. 

Steel  is  employed  which  may  be  made  by 
either  of  the  processes  known  as  the  Bessemer, 
Siemens,  Siemens-Martin,  or  crucible,  and  the 
ingots  so  made  may  be  either  rolled  direct  into 
suitable  slabs,  plates,  or  sheets,  or  they  may  be 
first  hammered  or  squeezed,  and  afterwards 
rolled.  The  slabs,  etc.,  so  reduced,  are  piled  in 
any  desired  number,  and  placed  in  a  reberbera- 
tory  or  other  heating  furnace,  and  brought  to  a 
proper  heat  for  welding  together,  which  may  be 
effected  in  the  usual  manner  by  rolling,  ham- 
mering, squeezing,  or  other  equivalents.  If  de- 
sired, such  plates  may  be  piled,  heated  and 
welded  together,  until  the  requisite  thickness  or 
strength  is  attained.  The  plate  being  brought 
to  the  desired  dimensions,  is  now  submitted  to 
a  process,  or  processes,  of  case-hardening,  or 
recarbonizing,  on  either  a  portion  or  the  whole 
of  its  surface,  as  may  be  required,  for  the  pur- 
pose of  imparting  to  it  a  degree  of  hardness 
which  shall  tend  to  break  up  and  destroy  any 
projectile  striking  it  at  the  moment  of  impact 
as  well  as  to  increase  its  resisting  power  to 
penetration  by  shot  or  other  missile. 

In  order  to  further  increase  the  density  of  the 
steel,  the  plates,  after  being  recarbonized,  may 
be  again  submitted  to  the  action  of  rolling, 
hammering,  or  squeezing. 

A  contract  has  been  concluded  by  M.  Sibi- 
riakoff,  of  Irkutsk,  in  Siberia,  for  the 
building  of  a  steamer  of  350  tons  burden  for  the 
purpose  of  going  to  the  assistance  of  the  Vega. 
It  is  expected  that  the  steamer  will  be  ready 
soon  enough  to  start  fully  equipped  with  pro- 
visions in  time  to  reach  Behring's  Straits  by 
way  of  the  Suez  Canal  next  August,  in  order  to 
assist  Professor  Nordenskjold  and  his  compan- 
ions. The  vessel  will  afterwards  trade  to  the 
Lena,  and,  if  possible,  even  to  the  Yenisei.  The 
vessel  has  been  designed  with  a  special  view  to 
her  future  service.  Inside  she  is  almost  like  an 
ordinary  iron  vessel  covered  with  wood.  The 
propeller  and  rudder  are  so  constructed  that 
they  can  be  lifted  out  of  the  water. 


BOOK  NOTICES. 

f  Hhe  Strength  of  Materials.  By  Wm. 
L  Kent,  M.  E.  Van  Nostrand's  Science 
Series  No.  41.  New  York  :  D.  Van  Nostrand. 
Price  50  cts. 

The  author  of  this  little  treatise  sets  forth  in 
a  very  clear  manner  the  present  state  of  our 
knowledge  on  the  strength  of  such  materials  as 
are  used  in  engineering  constructions.  He  es- 
pecially insists,  and  proves  by  quotations  from 
accepted  authorities,  that  our  present  tables  are 
inexact  and  the  formulas  conflicting. 

A  thorough  acquaintance  with  the  best  litera- 
ture of  the  subject,  and  a  complete  familiarity 
with  the  methods  and  results  of  tests,  are  evi- 
dent throughout  the  book. 


The  aim  of  the  essay  is  to  urge  engineers  and 
constructors  to  insist  upon  a  thorough  knowl- 
edge of  the  strength  of  all  materials  employed 
in  important  structures,  and  to  obtain  this 
knowledge  by  aid  of  tests  more  carefully  made 
than  those  upon  which  many  of  our  present 
tables  are  based. 

Practical  Theory  of  Votjssoir  Arches 
Applied  to  Stone  Bridges,  Tunnels, 
Domes,  and  Groined  Arches.  By  Wm. 
Cain,  C.  E.  Van  Nostrand's  Science  Series 
No.  42.  New  York  :  D.  Van  Nostrand.  Price 
50  cts. 

Scarcely  any  branch  of  practical  engineering 
offers  so  many  difficulties  to  the  young  engineer 
as  the  construction  of  the  voussoir  arch.  The 
theoretical  examples  of  the  books  fail  to  meet 
in  his  mind  the  practical  requirements.  So  he 
often  follows  precedent,  and  works  from  copy 
or  by  rule  of  thumb,  and  completes  the  work 
in  ignorance  whether  such  failure  as  there  may 
be  lies  on  the  side  of  clumsiness  or  insecurity, 
with  a  lingering  fear  that,  taken  as  a  whole,  the 
structure  possesses  both  of  these  qualities. 

Prof.  Cain  has  previously  given  us  so  com- 
plete a  discussion  of  the  principles  involved  in 
the  practical  construction  of  arches  (Science 
Series  No.  12)  that  experienced  engineers  have 
employed  it  as  a  guide  in  important  works. 
Taken  with  the  present  work,  a  treatise  is 
afforded  whose  completensss  in  a  practical 
point  of  view  is  scarcely  equaled  by  anything 
else  in  the  English  language. 

Text-Book  on  the  Steam  Engine.  By 
T.  M.  Goodeve,  M.  A.  New  York  :  D. 
Van  Nostrand.     Price  $2.00. 

As  a  text  book  this  is  the  most  satisfactory 
treatise  we  have  seen. 

It  is  full  without  being  voluminous,  and  ac- 
curately scientific  without  the  forbidding  array 
of  analytical  formulas  that  so  often  abound  in 
similar  books  for  students. 

The  plan  of  the  work  is  simple  and  compre- 
hensive. First  is  presented  a  historical  sketch 
of  the  steam  engine  as  it  was  known  before 
Watts'  time.  Then  an  elucidation  of  the  prin- 
ciples of  thermodynamics  and  their  application 
in  the  use  of  steam. 

A  chapter  on  mechanism  follows  and  then  a 
discussion  of  the  principles  of  expansion — the 
theory  of  valve  motion  and  the  Indicator. 
Boilers  and  the  consumption  of  fuel  receive 
their  share  of  attention  ;  compound  engines, 
the  injector,  link  work,  and  miscellaneous  de- 
tails close  the  work. 

Examination  questions  are  furnished  as  a 
guide  to  both  teacher  and  student. 

The  book  is  abundantly  illustrated. 

Prof.  DuBois's  Graphical  Statics. 
In  our  issue  for  November  appeared  a 
portion  of  a  review  of  the  above  American  book, 
translated  from  Wochenschrift  des  Yereins 
deutscher  Ingenieure,  in  which  the  critic 
charged  that  Prof.  Dubois  had  used  the  work 
of  Prof.  Weyrauch  without  proper  acknowl- 
edgement. 

To  this  Prof.  Dubois  replied  at  considerable 
length  in  the  December  issue  of  this  maga- 
zine,   strongly    asserting    that  there    was  "no 
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proper  ground  for  the  charge,  at  the  same  time 
complaining  that  the  translation  was  of  a  part 
of  the  original  article  only. 

In  the  January  magazine  to  satisfy  the  de- 
mands of  our  contributor  of  the  translation, 
urged  in  consequence  of  the  complaint  of 
Prof.  Dubois,  we  gave  the  entire  article. 

We  are  now  offered  plenty  of  material  upon 
both  sides  of  the  controversy,  which,  at  present, 
we  decline  to  publish. 

It  is  due,  however,  to  Prof.  Dubois  to  say 
that  a  reply  from  Prof.  Weyrauch,  has  appeared 
in  the  journal  which  contained  the  original 
criticism,  in  which  Prof.  W.  says  he  has  not 
received  the  impression  that  the  extracts  from 
his  work  were  so  imperfectly  acknowledged 
that  the  American  reader  would  be  misled  in 
regard  to  the  extent  of  the  obligation  to  the 
German  original,  and  expresses  satisfaction 
with  the  efforts  of  Prof.  Dubois  to  bring  about 
' '  mutual  good  understanding  and  relations  be- 
tween German  and  American  students." 

Examples  op  Steam,  Air,  and  Gas  En- 
gines op  the  Most  Recent  Approved 
Types,  as  employed  in  Mines,  Factories,  Steam 
Navigation,  Railways  and  Agriculture,  practi- 
cally described  ;  with  an  account  of  all  the 
principal  projects  for  the  production  of  Motive 
Power  from  Heat,  which  have  been  propounded 
in  Different  Times  and  Countries.  By  John 
Bourne,  C.  E.  London  :  Longmans.  For 
sale  by  D.  Van  JSfostrand.     Price  $30.00. 

The  publication  of  the  present  work,  which 
was  begun  in  1868,  was  continued  in  monthly 
parts  till  1870,  when  the  author  intimated  that, 
as  he  was  desirous  of  embodying  in  it  some 
new  information,  which  he  could  not  at  that 
moment  communicate  to  the  public,  he  proposed 
to  suspend  the  publication  for  a  short  time 
tc  enable  this  addition  to  be  made,  in  order  that 
the  work  might  be  rendered  more  complete 
than  would  otherwise  be  possible.  The  author 
was  at  that  time  engaged  in  a  series  of  elaborate 
experiments  to  determine  in  what  way  coal- 
dust  could  be  best  utilized  in  the  generation  of 
motive  power. 

In  the  present  work  the  author  has  recapitu- 
lated the  best  proportions  for  Compound  En- 
gines and  of  the  boilers  suitable  for  working 
them.  He  has  also  recapitulated  the  leading 
features  of  all  the  principle  Furnaces,  Engines, 
or  other  expedients  for  the  production  of  power 
from  heat,  and  in  some  cases,  as  in  the  Air  En- 
gine of  Stirling  and  the  Caloric  Engine  of 
Ericsson,  the  author  has  described  the  structure 
in  detail.  Examples  have  been  given  of ! 
modern  steam  engines  and  boilers  of  every 
class  ;  and  in  the  appendix  a  variety  of  useful 
information,  which  could  not  be  conveniently 
embodied  in  the  text,  has  been  introduced. 
While,  therefore,  the  engineer  will  here  find  ex- 
amples of  the  most  modern  and  approved  forms 
of  engine  construction,  he  will  also  find  such  a 
recapitulation  of  ingenious  but  unfruitful  pro- 
jects as  may  aid  the  progress  of  invention,  pre- 
vent future  waste  of  effort,  and  at  all  events 
satisfy  an  intelligent  curiosity.  The  author  be- 
lieves that  he  has  omitted  to  notice  no  project 
of  the  least  importance  for  the  production  of 
motive  power,  and  in  most  cases  he  has  given 


his  opinion  as  to  the  character  of  its  preten- 
sions. 


MISCELLANEOUS. 

Prop.  Stanley  Jevons  still  believes  in  his 
theory  of  the  sunspots  and  commercial 
crises,  and  he  requests  our  "so-called  practical 
men  to  give  up  the  idea  that  theory  is  all  non- 
sense." But  where  is  this  particular  theory, 
and  what  is  it,  and  when  we  have  it  shall  we  be 
able  to  prevent  commercial  crises  without  pre- 
venting the  spots  on  the  sun's  face  ? 

Considering  the  unfavorable  economical 
results  hitherto  obtained  from  steam  tur- 
bines, HerrMuller,  of  Cologne,  has  lately  pat- 
ented a  machine  in  which,  instead  of  one  turbine 
wheel  several  are  placed  together  in  a  common 
case  divided  into  a  corresponding  number 
of  chambers  of  increasing  size.  The  steam  (or 
water  under  pressure)  entering  at  the  smaller 
end,  finds  an  ever  increasing  cross-section  of 
passage,  and  gives  impulse  to  the  successively 
larger  turbine  wheels  on  the  common  axis. 

GrLDrNG  on  Glass. — A  new  process  by  M. 
Dodon,  is  thus  given  by  the  Moniteur  de 
la  (Jeramiqxie :  Gold,  chemically  pure,  is  dis- 
solved in  aqua  regia  (1  part  nitric  and  3  parts 
hydrochloric  acid).  The  solution  effected,  the 
excess  of  acids  is  evaporated  on  a  water-bath 
till  crystallization  of  the  chloride  of  gold  takes 
place  ;  it  is  then  taken  off  and  diluted  with  dis- 
tilled water  of  such  quantity  as  to  make  a  solu- 
tion containing  1  gram  of  gold  to  200  cubic 
centimeters  of  liquid  ;  a  solution  of  caustic 
soda  is  then  added  until  the  liquid  exhibits  an 
alkaline  reaction.  The  solution  of  gold  is  now 
ready  for  reduction.  As  a  reducing  agent,  an 
alcoholic  solution  of  common  illuminating  gas 
is  used.  This  is  prepared  by  simply  attaching 
a  rubber  tube  to  a  gas-jet  and  passing  the  cur- 
rent of  gas  for  about  an  hour  through  a  quart 
of  alcohol.  This  liquid  (which  should  be  kept 
in  a  closed  vessel)  is  added  in  quantities  of  from 
two  to  three  cubic  centimeters  to  200  cubic  cen- 
timeters of  the  alkaline  solution  of  gold  before 
mentioned  ;  the  liquid  soon  begins  to  turn  to  a 
dark  green  color,  and  at  length  produces  the 
metallic  layer  of  gold  of  known  reflecting  power. 

As  an  improvement  on  the  process,  as  well  as 
for  convenience  in  executing  it,  there  may  be 
added  to  the  alcoholic  solution  of  gas  an  equal 
quantity  of  glycerine  (28°  to  30°  Baume)  pre- 
viously diluted  with  its  own  volume  of  distilled 
water. 

If  the  gold  employed  is  an  alloy,  the  foreign 
metals  must,  in  all  cases,  be  first  removed  ;  and 
especially  the  least  traces  of  silver,  because  the 
very  smallest  quantity  of  -this  metal  totally 
prevents  the  regular  and  uniform  deposition  of 
the  gold . 

The  bath  thus  once  prepared,  it  is  proposed 
as  a  method  of  gilding  mirrors,  and  also  for  all 
the  articles  of  various  branches  of  industry, 
where  this  process  of  gilding  could  be  used 
with  success  and  to  advantage,  such,  for  in- 
stance, as  boxes,  necklace  beads,  candlesticks, 
glass  ornaments,  frames  of  table  mirrors,  cups, 
saucers,  spoons,  lanterns,  and  reflectors,  and 
for  objects  generally  in  glass  or  crystal  that  are 
capable  of  being  completely  gilded. 
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ELEMENTS  OF  THE  MATHEMATICAL  THEORY  OF  FLUID 

MOTION. 

By  THOMAS  CRAIG,  Ph.D.,  Fellow  in  Physics  in  the  Johns  Hopkins  University,  Baltimore,  Md. 
Written  for  Van  Nostrand's  Magazine. 


III. 


These  considerations  now  enable  us  to 
determine  p  wholly  in  terms  of  the 
initial  co-ordinates.  To  do  this  it  is  only- 
necessary  to  write  x=xg  +  n,  z^z^  +  w, 
then  from  what  has  just  been  said  we 
have  at  once 

gx=gx0, 

GZ—GZ^ 

Substituting  these  in  the  expression  for 
cp  and  this  again  in  the  equation  giving 
the  pressure  and  we  obtain  for  the 
latter 

Gz0      -Gz 

-t+Gx0)+gz0  +  givl+p 

or  as  it  may  be  written  substituting  for 
w  its  value 


H(t)V\«T") 


sin, 


(! 


of  the  fluid  whose  z  co-ordidates  are  equal 
to  zero,  i.e.,  for  particles  on  the  surface 
of  the  fluid  at  rest,  p  must  be  a  constant 
=p0.  Let  h  denote  the  depth  of  the 
canal  and  the  first  of  these  conditions  is 
evidently  reached  by  making  w=o  for 
those  particles  for  which  z=h.  This 
gives  us  then 

/      Gh    -Gh\    .     /%7t  \ 

and  consequently 

Gh     -Gh 
a,s  -a„s       =o 


from  which  follows, 


-Gh 


+p0+pgza 

Now  for  the  determination  of  the  con- 
stants, we  observe  first:  that  particles  of 
the  fluid  originally  on  the  bottom  of  the 
canal,  must  necessarily  remain  there 
during  the  motion ;  second,  for  particles 
Vol.  XX— No.  4—19 


Gh 


Again,  make  z=o  and^>=/>0;  this  gives 
obviously, 

/27T\2 


from  which 
2tt\2 


/2tt\2  a -a 

(  —J  ——ff^~ =ff& 

Now  making  for  brevity 


Gh    -Gh 
8    —s 

Gh    -Gh 

8       +8 
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-ffh 
ffa„£      =—a 
And  our  expressions  for  u  and  w  become, 
-ff(h-z)     ff(h-z)\  .   _  l2n. 


i  -ff(h-z)     ff(h-z)\  n„a  rm      ^  \ 

/  -ff(h-z)     ff(h-z)\    .     /2tt  \ 

w—  —  cil       v       >_£  v       M  sm.  -  i!+(r£cj 

By  introducing  the  wave  length  now  we 
can  determine  the  constant  ff.  Revert- 
ing to  the  expression  previously  given  for 
<p,  and  for  convenience  retain  the  tico 
constants  a1  and  «2 — this  was 

/      ffz      -ffz\    ■      {2lt  \ 

Let  Z  denote  the  wave  length  ;  we  know 
that  <p  will  remain  unchanged  by  writing 
for  x  the  quantity  x  + 1,  as  this  simply  has 
the  effect  of  transferring  the  origin  of 
co-ordinates  from  one  end  of  the  wave  to 
the  other.     This  substitution  gives 

/    ffZ  —  ffz\    .      I2tT  _  v 

<P=\ai*  +a2s     )sm.(Tt+<r[x  +  ty 

In  order  that  <p  remain  unchanged,  we 

must  clearly  have 

2n 

If  we  call  (o  the  velocity  of  each  particle, 

we  have  also  I    • 

l=T(o,  or  r=  — 

Substituting    those    in    the    expression 
obtained  above  for  p,  and  it  becomes 
ffh   -ffh 

£     -£ 


2n 
I 


(ut  +  e\ 


The  same  substitutions  give  us  for  cp  the 

value 

2n 
i.  — - 

£  +  £  (wt  +  x) 

and  in  like  manner  we  can  obtain  for  u 
and  w  the  values 


al  \2n       ,     2?r          |    . 


2tt 


2?r 


f      2ar,.     ,     2ar/7       I          2n 
u  =—al    — j-  (/i-2)     -y  (/M)  >-  cos.  — 

£  +e  (wt-\ 

j       2*.         2n       J     .     2» 

6  —  £  (W  +  aj). 

The  value  of  a>  is  easily  obtained. 
ah    -ffh 


@)-& 


2tcw\: 


-.gff 


£      _2n 
ffh    -Gh~gT 

£    +    £ 


P=Po  +  PffZo+P 


(• 


<rA   -ffh 

£       +£ 

-ffh 

£ 

ffh 

£ 


£    + 


-ffz 

£ 


1 


+g<r(c 


-ffh 

£ 

ffh 


ffz„ 


-ffz 
-an£ 


•)f 


■     2a\ 

sm.  — (ojt  +  x0) 


which  reduces  easily  to 


2n 

— z 

I    ° 


2n 

—lZ° 


p=i\+pgz*—spga 


27r* 


sm. 


+    e 


2n1       2nT 
-lh    — * 


2tt         2tt7 

£    +     £ 


from  this  is  readily  obtained 


S      -       £ 


2n. 


V 


g± 

2n     2tct       271, 
h     — —  h 

v 


I 

£   +         £ 

.In  the  discussion  of  these  values  for 
<p,  u,  w  and^>  lies  the  whole  theory  of 
the  motion  of  plane  waves  in  a  perfect 
fluid.  We  will  now  proceed  to  an  exami- 
nation of  these  quantities.  Denote  by  z' 
the  vertical  ordinate  at  the  time  i  of  a 
particle  on  the  wave  surface  whose  other 
co-ordinates  are  x  and  y. 

dz'  j     2rtn       2nn       \   .      2n 

£  —       £  (a>t  +  x) 

integrating 
,      ap    \2n       .2?r 

z=2^\T{h~z)1 

£       —    £ 

Differentiating  this  expression  with  re- 
spect to  x  and  we  obtain. 


(h-z)  [■  cos.—  (wt  +  x). 


I 
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dx 


«  j     8*„       v  Z7t  )     .        2n 

^rT(/i:2)x(/i-2)rm-T 

S        —       S  (wt  +  x) 

Tliis  vanishes  for  the  values 
mt  +  x=o 
wt  +  x=l7! 

wt  +  X=l, 

which  are  the  values  of  wt  +  x  and  for 
the  points  of  maxima  and  minima  of  the 
longitudinal  section  of  the  wave.  Differ- 
entiating again 

2?r 

T 


dx2 


ap 

27TOJ 


|*Wf(M>j 


I 


This  vanishes  for  iut  +  x=-,   and 

4  4 

Consequently  there  are  points  of  con- 
tra-flexure  at  J  and  J  of  the  wave  length. 
It  is  obvious,  from  these  considerations, 
what  the  curve  is. 

It  has  before  been  remarked  that  u  and 
w  satisfy  the  equation  of  an  ellipse ;  this 
is  now 

u' 


j-T<^>T(A-*)f 


+   e 
+- 


-—{h-z)  -j-{h-z) 


-1 


The  plane  of  the  ellipse  is  vertical  and 
its  longer  axis  is  in  the  direction  of  the 
motion  of  the  wave.  Suppose  now  the 
particle  under  consideration  to  lie  very 
near  the  surface  of  the  wave — that  is,  z 
is  very  small  as  compared  with  h;  then 

2  7t 

the  terms  containing  — j-{h-z)  may  ob- 

viously  be  discarded,  and  the  only  other 
terms  which  remain  in  the  expressions 
for  the  semi-axes  of  the  ellipse  will  de- 
pend on 


2n 
I 


{h-z) 


2rr  ,    2n 


2n' 

~      lZ- 
As. 


£  =  e    .  e 

The  equation  of  the  ellipse  thus  becomes 
if  v* 

A + 'A =1 

A2       47T  47T 


The  equation  of  a  circle  whose  radius  is 
A—  z=H 


Of  course  the  same  result  would  be  ob- 
tained by  supposing  the  depth  of  the 
fluid  infinite.  Thus  for  particles  near 
the  surface  of  a  body  of  water  of  finite 
depth — or  for  particles  anywhere  within 
the  mass  of  a  body  of  w^ter  of  infinite 
depth — the  motion  is  in  a  vertical  circle 
whose  radius  is  given  above.  Suppose 
again  that  the  wave  has  an  appreciable 
length — say  l--h  •  then  for  particles  very 
near  the  surface  the  semi-axes  become 
very  nearly. 


2n      -2tc 
s     +    s      ' 


and 


2n      -2tt 


or  the  path  of  the  particle  is  nearly  circu- 
lar— the  ratio  between  these  quantities 
being  nearly  1.000,007. 

The  lengths  of  the  axis  continuously 
decrease  as  s  increases.  This  is  ob- 
vious in  the  case  of  the  vertical  axis  given 

£  —      £ 

for  as  g  becomes  larger  the  exponents  in 
this  quantity  become  smaller,  thus  causing 
the  first  term  in  the  brackets  to  diminish 
as  the  second  increases,  and  consequently 
making  the  total  value  of  the  quantity 
diminish  rapidly.  Take  now  the  hori- 
zontal axis  denoted  by 

2«|t(a-*)  -t (a->  H 

£  +       £ 

differentiating  this  with  respect  to  ?  and 
we  have 


dp         27t(    2rr 

35-=2aTl-T^ 


2tt 


)    T(M 


^l 


£  —  £ 

For  z<h  the  second  of  thes«  terms  is 
always  greater  than  the  first  and,  conse- 
quently, ~-  is  negative;  but  the  incre- 
ment dz  is  supposed  positive,  conse- 
quently dp  is  negative,  or  the  axis  de- 
creases as  2  increases,  i.e.,  as  we  pass 
from  the  surface  of  the  fluid.  For  c=h 
this  axis  becomes  =2a,  and  the  vertical 
axis  vanishes.     That  is,  for  particles  of 
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water  at  the  bottom  of  the  canal  there  is 
only  a  motion  of  translation  backwards 
and  forwards  in  lines  of  length=2a.  For 
particles  at  the  surface  of  the  fluid  and 
for  h=l  the  horizontal  axis  is  nearly 
=535.5«,  or  the  ratio  between  the  lengths 
of  the  horizontal  axis  at  top  and  bottom 
of  the  fluid  is  nearly  267.7. 

Referring  now  to  the  values  of  u  and 
w  near  the  surface,  we  have 

z 

U=-AS  COS.  2*(a>t  +  x) 


2tt 


2tt 


io= As        sin.  —  (u>t  +  x) 


Differentiating  these  for  t,  squaring  and 
adding  the  results,  and  we  obtain  the  ex- 
pression 

\dt)     \di)~\~T    ) 

The  quantity  on  the  left  hand  side  of  this 
equation  gives  the  square  of  the  velo- 
city of  the  fluid  particle  in  its  circular 
path;  this,  as  we  see  from  the  second 
member  of  the  equation,  is  independent 
of  the  time,  and  is  directly  proportional 
to  the  radius  of  the  circle ;  but  the  radius 

depends  upon  the  quantity        \  z  for  its 

value,  and  this  increases  as  2  decreases — 
therefore,  for  particles  near  the  surface 
of  shallow  water,  we  have  the  velocity  x 
varies  inversely  as  their  depth.  From 
this  it  is  evident  that  the  water  at  the 
top  of  the  wave  moves  most  rapidly  for- 
ward, while  that  at  the  bottom  moves 
most  rapidly  backward.     In  the  expres- 

sion  for  10  discarding  the  terms       /we 

c 

have  for  the  velocity  of  translation  of 
particles  near  the  surface  of  water  of 
finite  depth,  or  anywhere  within  the 
mass  of  a  body  of  water  of  infinite  depth 


-^fe 


I 


Substituting  for  w  its  value  of—  and  we 

r 
find  for  t  the  value 


j/2**. 


Calling  t'  the  time  of  oscillation  of  a 
simple  pendulum  of  length  I,  we  have 

7t 

From  the  above  value  of  w  we  see  that 
the  velocity  of  transmission  of  the  wave 
varies  as  the  square  root  of  the  length.  In 
all  cases,  indeed,  the  velocity  is  nearly  as 
the  square  root  of  the  length,  for  the 
factor 

e    -     s 


€     + 


*7t 


h 


is  nearly  equal  to  unity.  In  the  case  of 
very  shallow  water,  the  velocity  dimin- 
ishes considerably — as  the  quantity  just 
written  decreases  rapidly  with  h — vanish- 
ing as  is  obvious  for  h=o. 

So  far  we  have  confined  ourselves  to 
a  single  wave,  that  is,  to  a  single  value  of 
cp  satisfying  the  equation  /}icp=o.  But 
we  have  seen  that  if  there  are  several 
values  of  cp  each  satisfying  this  equation, 
that  collectively  they  satisfy  the  equation 

4'Z<p=o. 

In  the  case  when  the  wave  lengths  are 
the  same  but  the  phases  different,  we  can 
easily  find  the  result  of  adding  together 
the  waves  given  by  the  functions  cp,  <py, 
•  ■  •   <Pi. 

The  value  that  we  have  already  obtained 
for  cp  may  be  written 

a.  (  ff(h-z)     -ff(h-z)  )    .       ,  . 

where  it  is  to  be  understood  that  ag=o  and 
is  merely  introduced  for  future  symme- 
try. Any  other  function  cpi  which  satis- 
fies the  equation  Axcp—o,  may  be  written 
under  the  above  conditions 


(P 


ff(h-z)    -<r(A^)> 


sin.o" 


+      £ 

(wt  +  X  +  Oi  ) 

And  it  is  not  difficult  to  see  that  a  sum- 
mation of  these  functions  will  give  us 


A  I    fft/l-g)      -ff(hr-n) ) 

(cot  +  X+  W) 


2<p=  -  —  -j£   '   +'     €   ' 

( 
When 
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A2  —  2  a?  +  22ctj  ^C(k  COS.G"  (o.k_1  —  ak  ) 

i=o  j=o     k=J-{-l 

and 

2 Of  sin.  Gai 
i=\ 


tan.  y 

^C/iCOS.    (Ta.j 

3=0 

or  inversely 

-1  2«{  sin.  ff  ai 

i=l 

6  2a j  cos.  ©"cy 

i=o 

If  any  of  the  quantities  ffa,  &c.,  =  7r  or 
(2ji  +  1)7T  a  change   takes  place  in   the 
summation.     Suppose   Gai  =n  then  cpi 
becomes  -cpi  and  is  subtracted  instead  of 
added  to  the  other  functions ;  but  if  6ai 

=  (2n+V)7t  we  have  since  ff— 


I  ' 


ai  =(2n  +  l)^. 


That  is  if  the  difference  of  phase  is  an 
odd  multiple  of  half  the  wave  length,  the 
corresponding  wave  function  is  to  be 
subtracted  instead  of  added  to  the  others 
in  finding  the  resultant  of  the  system. 

Suppose  now  that  we  have  two  waves 
of  the  same  length  and  amplitude,  but  of 
different  phases  and  moving  in  opposite 
directions;  the  wave  functions  are  ob- 
viously 

(tut  —  X  +  a) 

adding  we  have 

(cut  +  x)+  sin.  a  (oot—x  +  a) 

expanding  the  trigonometric  factor  and 
reducing  by  aid  of  the  relations 

cos.  a— A  cos.     -— 1,  sm.  a=(sm.  ^cos.  ^, 

A  A  A 

we  readily  find  this  expression  to  become 

2a  ( (ffh-z)  -fffh-^)  )    . 
?+?».=  — |  J     +      s  \sm-ff 

(wt+a2)  cos.  ff(x~). 

From  this  we  obtain  by  differentiation 
the  values  of  the  displacements 


sin.  (flwt  +  n) 

l  ffth-z)     -a(h-z)  |    .  /    ,  ,    a\ 

w=2a\sx       '_     ey       nrsm.  fflwt+^j 

cos.  a\x— -~). 

Dividing  the  first  of  these  by  the  second 
we  have 

G(h-z)     -ff(h-z) 

U      €  +     £  t  a} 

—=-—7i — x —  — 77 — .  tan.(fJ#  —  H  >- ; 
w    ff(h-z)      -ff(h-z)  |         2  J 

8  —    £ 

this  ratio  is  independent  of  the  time, 
consequently  each  particle  moves  in  a 
straight  line  the  inclination  of  which 
varies  with  x  and  z.  Since  also  this  ratio 
is  the  same  at  any  given  point,  no  matter 
what  be  the  time,  the  wave  is  a  standing 
wave  or  has  no  progressive  motion. 

Hence  if  there  exist  in  the  liquid  two 
waves  having  the  same  length  and  ampli- 
tude but  moving  in  opposite  directions 
the  result  is  a  single  standing  wave  in 
which  the  particles  move  constantly  in 
right  lines  whose  inclinations  to  the  axes 
vary  with  x  and  g. 

Reverting  now  to  our  values  of  a  and 
w,  suppose  that  n=o,  that  is,  that  there 
be  no  horizontal  motion,  this  gives  us 

2n. 

COS.  —  («>t  +  )=0 

I        31       (2m  +  1)/ 

or         mt  +  x=-r  or  —  or - — — . 

4        4  4 

That  is,  there  is  no  horizontal  motion  at 
the  nodes  of  the  wave.  The  greatest 
horizontal  motion  evidently  corresponds 
to 


iot  +  Xz 


I      1 

-.o        or  I 
2 


or  the  greatest  horizontal  motion  is  at 
the  highest  point  of  the  crest  and  the 
lowest  point  of  the  trough  of  the  wave — 
and  evidently  the  motions  at  these  points 
are  in  opposite  directions — which  we  have 
seen  before  from  other  considerations. 

In  like  manner  by  making  w=o  we  find 
that  at  the  top  and  bottom  of  the  wave 
in  there  is  no  vertical  motion.  Also,  that 
the  greatest  vertical  motion  is  at  the 
nodes  of  the  wave. 

Similar  results  are  obtained  by  exam- 
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iniiig    the    equations    a.      There    is   no 

horizontal    motion  at  the   points    when 

a       I        3£,     ■    ...  .  .  « 

x r  =—.  or  -—but  there  is  a  maximum  of 

2      4       4 

vertical  motion;  also,  there  is  no  vertical 

«  I 

motion  at  the  points  where  x — =  =  o,  — , 

or  I,  but  there  is  the  greatest  horizontal 
motion. 

Airy  has  shown  in  his  treatise  on 
"Tides  and  Waves,"  that  if  the  channel 
is  of  variable  depth  or  width,  that  waves 
of  the  nature  just  described,  that  is, 
waves  caused  by  the  simple  oscillation  of 
the  particles,  could  not  exist  by  them- 
selves, but  require  for  their  existence  the 
action  of  certain  exterior  forces  into  the 
nature  of  which  it  is  not  necessary  here 
to  go.  Without  going  into  a  mathemati- 
cal discussion  of  the  reflection  of  waves, 
I  will  merely  state  that  after  .impinging 
upon  a  wall  the  particles  of  the  wave 
move  up  and  down  the  surface  through  a 
distance  equal  to  twice  their  previous 
vertical  displacement,  and  the  same  with 
particles  at  a  distance  of  half  a  wave 
length  from  the  wall;  particles  at  a  dis- 
tance from  the  wall  of  one  quarter  a 
wave  length,  merely  vibrate  in  a  hori- 
zontal direction.  When  a  series  of  waves 
enters  shallow  water,  the  period  remains 
the  same,  but  the  velocity  and  wave 
length  diminish;  the  front  of  the  wave 
becomes  steeper  than  the  back,  and  con- 
tinues to  become  more  and  more  abrupt 
until  the  top  of  the  wave  curls  over  the 
front  and  the  wave  breaks  in  surf  on  the 
beach. 

§  4. 

CYLINDRICAL    WAVES. 

If  we  throw  a  pebble  into  a  body  of 
water,  or  if  we  simply  bring  a  solid  body 
in  contact  with  the  water  at  one  point 
we  know  that  a  series  of  waves  is  gener- 
ated which  are  circular  in  form,  concen- 
tric and  having  their  center  at  the  point 
where  the  disturbance  takes  place.  The 
waves  thus  generated  are  called  cylindri- 
cal waves,  and  the  line  passing  through 
the  center  of  these  circles  and  normal  to 
the  surface  of  the  fluid  is  called  the  wave- 
axis,  and  evidently  is  the  geometrical 
axis  of  the  concentric  cylinders. 

In  the  case  of  such  waves  as  this  it  is 
evidently  not  admissible  to  assume  the 
displacement  in  any  direction  as  equal  to 


zero,  there  will  clearly  be  motion  in  the 
direction  of  all  these  axes.  Our  axis  of 
z  will  be  assumed  as  having  the  same 
direction  as  in  the  foregoing  section,  and 
the  axes  of  X  and  Y  will  lie  in  the  sur- 
face of  the  fluid  at  rest.  Our  equation 
of  continuity  will  have  the  general  form 

d?cp      cVm       dacp 

—        4-   — —  4- =  O 

dx'  +  df  +   dz> 
the  displacements  being  of  course  given 

by 


dcp  dcp 


dx 


dcp 

dz ' 


The  same  remarks  that  were  previously 
made  concerning  the  form  of  cp  will  hold 
here,  the  waves  being  supposed  to  ema- 
nate from  the  wave  axis,  oz  we  can  write 
for  cp  the  equation 


±0Z 
<P=£ 


r  <**)%{**} 


when  r  as  before  denotes  the  periodic 
time.  If  the  wave  axis  be  taken  as  the 
axis  of  z  we  have,  r  denoting  the  distance 
from  this  axis  to  any  point  in  a  plane 
parallel  to  the  plane  of  x  y, 

r*=x2  +  y* 

and  we  may  with  cp  in  the  form, 

±(Xz    „  ,  N  sin  (27T    ) 

We  must  now,  as  before,  determine  the 
form  of  f.  Substitute  this  value  of  cp  in 
the  equation  of  continuity,  and  it  is 
easily  found  to  reduce  to  the  form 

d'f     1  df 
Transforming  this  by  the  substitution 


we  obtain  a  known  form 

iTf      1  df 

ds>  +  s~ds+J~~°' 

This  is  a  particular  case  of  the  more 
general  equation, 


ds*       s  ds 


K)/=« 


of    which   a  particular   solution   is   the 
Bessel's  function  Jn  (s)  given  by 
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Jn(s)- 


2n  n ! 


1- 


+ 


2(2w  +  2)  "*"  2.4(2w  +  2)(2w  +  4) 


+  .. 


2.4.6(2»  +  2)(2n  +  4)  (2rc  +  6) 

For  our  case  n=o,  and  the  function 
J0(s)  is  a  particular  solution,  viz. : 

This  is  easily  obtained  directly,  calling 
f0  the  particular  solution  sought  assume 

fo==a  +  ais  +  aiS*  +  a/  +  a/+ 

Substituting  in  the  differential  equa- 
tion, and  we  have 

0  =  a,s-l  +  (a  +  4a2)  +  («I  +  9a3)s 

+  (a2  +  16a4y+.... 
from  which  we  have 


n 

&C. 


4'    4     64  ~  22.4 

when  i  is  of  course  any  positive  integral. 
This  gives  us  then  for  our  particular  so- 
lution 


/.= J.  (')"=«{  1-| 


+ 


2a.42  '  22.42.6 


:+■•• 


Designate  now  by  Y0(s)  the  other  par- 
ticular solution  of  the  differential  equa- 
tion, and  for  brevity  write  simply  Y,  and 
J0  instead  of  Y0(s)  and  <J0(s).  Let  now 
2  denote  a  function  of  s,  then  it  is  well 
known  that  we  can  write 

Substituting  this  in  the  differential  equa- 
tion and  it  becomes 

/l  '  ^_dJAd2    cF2_ 
\s     J.  ds  /  ds       ds* 


Dividing   this   by 
gives 


d2 
ds 


and  integrating, 


d2 
log.  s  +  2  log.  J0  +  log.  —  — const. 

or  assuming  the  const.  =  o,  and  passing 
to  exponentials 

from  which 

dZ__    ^ 

ds  ~  sj* 
and 


ds 


/Cli 
si 


and,  by  substitution  in  the  equation 
giving  Y0, 

Y  =J   /— . 

Now  from  the  value  of  J0  it  is  clear  that 
the  expansion  of  — 2  can  only  contain 
even  powers  of  s  and  we  can  thus  write 

multiplying  by  ds  and  integrating  gives 
Y0  =  J6  log.  s  +  Ja\  A  *°  +  B  |  +<£  +  i 


2  '  ~  4    '  "6 
or  as  it  may  be  written  for  brevity 

Y0=J0log.  s  +  E0 
The  quantity  E0  is  the  product  of  two 
infinite  series  each  of  which  contains  only 
positive  integral  powers  of  s  and,  conse- 
quently, according  to  a  principle  in  the 
theory  of  theBessel's  functions  can  be  de- 
veloped in  a  series  of  these  functions 
and,  moreover,  as  all  the  powers  in  J0 
and  the  other  factor  of  E0  are  even,  only 
the  even  Bessel's  functions  will  appear 
in  the  development  thus 

Y0=J0log.  s  +  aJ°  +  bJ2  +  cJi+.... 

The  co-efficients  a,  b,  c  have  to  be  determ- 
ined. 

Take  again  the  differential  equation 

ay  id/  ,  , 

— —  4.  -  -----  +  f  =  0 

ds      s  ds 
and  perform  the  operation 

d?_    L^+i 

ds       s  ds 

on  the  quantity  J0  log.  s  and  we  find 
d3      Id      n  )  _■  2  tf  Jo 

ds      s  ds        )         ■  s  ds 

Represent  the  operator  for  brevity  by  A , 

then  this  is 

AJa  log.  s=-  — 
0  s    ds 

We  have  now  from  the  general  differen- 
tial equation  affording  Bessel's  functions 


and  for  n=o 
and  for  n  >  o 


S 


AZ0  =0 
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according  to  a  known  relation  connecting 
these  three  consecutive  functions.  And 
so  we  have,  finally 

2 

JJ0log.  S=—Jl 

Now  from  the  above  value  of  Y0  we  have 
4Y=J{J0log.s)+a4J0 

+  b4J2  +  cdJ4  + 

And  by  aid  of  the  transformations  just 
given 

9  h  9P 

+  ?f(J,  +  J,)X.. 

Now  Y0  being  a  particular  solution  of 
the  differential  equation  df=o,  we  must 
have  AYt=o  ;  this  enables  us  to  find 

b=-2c=3d=-4:C=5ff=&G =2 

and  by  substitution 

Y0=J0log.  s  +  aJ0 

+  2[J-iJ4  +  iJ-iJ8+....] 

The  complete  solution  of  the  differential 
equation  4f=o,  i.e., 

ds1       s  ds 
is  now  given  by 

/=AJ„+BY0 
or 

=  (A  +  Blog..s)  J0  +  BE0 

It  maybe  verified  without  much  difficulty 
that  the  quantity  E0  is  of  the  form 


23.42 


22.42.63 


The  quantities  J0  and  Y0  expressed  in 
the  form  of  definite  integrals  are — vide 
Boole's  Diff.  Equas. 

J„=-  /     cos  (s  sin  go)  dco 

1      /*7l 

Yc=-  /     cos  (s  sin  go)  log  (4  s  cos5 go)  dco 

71  Q 

and  we  have  for  /  by  substitution 
f= — /     cos  (s  sin  go)  (A  +  B  log 

(4s  cosa  <u)  dio 
or  as  this  may  be  written 

cos  (ssin  w)  (C  +  Dlog  (s  coB"w)doj 


when 


C=A  +  B  log.  4  D=B 

71  '  7t 


Before  going  on  to  the  application  of 
these  results  to  the  problem  in  hand,  we 
will  investigate  the  change  produced  in 
the  quantities  J0  and  Y0  by  allowing  s  to 
become  very  great. 

Instead  of  /  in  the  differential  equa- 
tion Af-=o  write  f^/ J  this  equation  thus 
becomes 

and  this  for  s  very  large  is  simply 


ds' 


'+/Vs=o- 


This  equation  gives  on  integration 

f^J^z^a  cos  s  +  b  sin  s 
or 

a  cos  s  +  b  sin  s 


f= 


V* 


when  a  and  b  are  of  course  constants. 
We  have  then  obviously  from  this 

a  cos  s  +  /3  sin  s 


J.= 


Y.= 


V  s 
a'  cos  s  +  /3'  sin  s 


from  which  we  can  see  that  for  infinitely 

great  values  of  s  the  functions  J0  and  Yt 

will  vanish. 

Now  by  substituting  for  s  its  value  of 

ffr  we  can,  by  taking  as  the  argument  of 

the  functions  thus  obtained  the  quantity 

s2            <?V3 
—  ^,  or j-   with  /in  the  form 

/  =  1 1+  |f  |--,|(A+B  log.2V=9) 

-B^^-a.  2-. 

For  convenience  of  reference  hereafter 
we  shall  write  this  in  the  form, 

f=AH{6)+Bn(6). 
Substituting  this  value  of /in  the  expres- 
sion for  <p  we  obtain, 

9=?/*[An(0)+Ba(0)]  j  sin  2^ 

2tc    ) 

+  cos t> 

7   i 

or  expanding  this  and  writing  instead  of 
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A  and  B,  the  quantities  alt  bx,  a2,  b2,  «l5  /?j5 
a2,  /?2,  we  have 

.    2n  (a.£  +  &.e     \ 
cp=7csm-t{  *ffg    >_ffz) 

2k  /    ffz        -ffz\ 

+  7T  COS  ■t\r.,c         ,    -.    .        ) 

.    2x  /  <rz      -<rz\ 

'I 


G"2 


+QC0BTt(b  +/3 


This  gives  us  for  u,  v,  w  the  following 
values ; 


f  .    2n  [  <5z 

u=  -s  sin- — £ 


Va^  +  v     / 


2^r  /   <X2      -Cz\)  cZtt 


+ 


f  .    2^r  /  az     -(?z\ 
ITt'Iv+A*   ) 


+  COS 


2?r   / 


C2       -o"2\ ")  dQ 
V  +  A*     /J  dte' 


f  .    2zr  /  (T2     -<r«\ 


w 


In  l  6z      -6z\~\  dn 
f  .    2n  l  <jz      -6z\ 

.    2^r      /     <Ts    -o"2\ 

=jrsm7 ^Ue-V  / 

2t      /     <r,s    -<t^\ 
+  7rcos— -*<f(^g_  v  ) 

_    .    27r      /     <T2    -<fz\ 

+  /2S111— fiT^g..^  j 

The  expression  for  the  fluid  pressure 
is  obtained  here  in  the  same  manner  as 
in  the  case  of  plane  waves,  and  is 

p=p\  ( — )  <p+gz  J-  +const. 

Writing  as  before  z =z0  +  w,  remembering 
that  6  and  w  are  quantities  of  the  first 
order  of  magnitude,  and  so  discarding 
terms  containing  ffw  or  higher  orders, 
we  have 


P=P,  +  PV*,  +  P 


f        .     27t 

-j  7t  sm  —  i 


2tt 

+  7t  COS  —  t 

r 


{(m^^W4-«r-)i 


+X2  sm  — ■  r 
r 


t\7yfe+A£    J+yflW-A«   It 


-fiicos 1 

T 


IvtMm+a*  rv*w-fi>*  /I 

For  particles  on  the  surface  of  the  fluid 
at  rest  we  have,  of  course,  z0=o  and 
p=p0.     This  gives  us 

.      2?r    U^W  .  /  J 

TTSin.   —t^—J  (ai  +  a1)  +gff(a-a1)   ~ 

_    .    2tt  j  /27r\*  ._ 

^cos^{f-f)>2  +  Al 

+ff <?(?>-&)  }  =° 

In  order  that  this  may  be  satisfied  we 
must  have  obviously 

(-V 

«i-«i   «*-«*   Ji-A    &.-A    v  T/ 


«i+«i   «2+a2  "fti+A   *9+A     ^°" 

from  which  we  obtain, 

<h_?h_bJ__  \_ 

«i  ~  s  ~  A  "  A 

We  can  now  write 


^      .    2;r  /    <r«    -ffz\ 
Git  sm  — n^,  c        B     ) 

.     „  In   I    ffz    -az\ 

.    In:    (    az    -(fz\ 

„  2^-/     +(5'^,  -Cf3\ 

when    the    meaning     of    the    constants 


10  ■■ 
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c,,  c2,  c3  is  obvious.  Introducing  now  the 
condition  that  w=o  for  h=o  we  have  as 
in  plane  waves 

-ah 
a\  _  £ 

a,  o7i  ' 

1       s 
This  gives  us  again 

ah  -ah 

\  r  )     gG  ah  -ah ' 

e  +  e 
We  have  now  for  cp  the  equation, 
2n 


^   .    2tt  Ja{h-z)  -a(h-z)\ 


^asA^l-f^)) 


r      \s       + 
2n_f  (a(h-z)  -a(h-z 

+    e 

when  a,,  &,,  a2,  52,  are  new  constants, 
whose  values  are  respectively, 

-fL     2i5     55     S# 

o-A  '     ah  '    o-A  '    o-A  ' 
£  e  s  € 

or  those  multiplied  by  any  arbitrary  con- 
stant. This  value  of  cp  may  be  written 
in  the  form 


9 


-( 


a(h-z)  -a(h-zy 


+    £ 


L{ct17r  +  a.in)sm--t  +  (b17r  +  ha)cos2-t~) 

r  i    '        r 

from  which  we  obtain 
(a(h-z)  -a(h-zy 


"}){(^ 


do 


an 

clx        2  cfo; 


-( 


) 


<T(/W)     -0"(/W) 


+    £ 
2n 


sm 


'[K^  +  ^/^sin-^  +  ^Tr  +  ^^cos—  £] 

"We  have,  however, 
dn  _dn  d&      dn     d  I     oV\ 
Ja;  _  dO'  dx  ~  W'  ~dx  \     ~4~/ 
a2£  c?7T 


2    d# 


,  &c, 


consequently, 

^/<r(^-s)-<r(a-s)\(/ 

dn         cUT 

W+ b*~de. 


U=~T\£ 

2n 


dn      dQ\ 

W+a*d~e) 


sm^t+\b>d6+b>-de)C0S—  lS 


ahj(a{h-z)  -a(h- 


,=—2-\ 


llV^'dd 


dn ,      d£l\ 


2tc. 
r 


,  d?r         fZ/2\        2tt    ) 


j 


From   these  equations  we  see   that  the 
path  of  the  particle  is  always  in  a  plane 
passing  through  itself  and  the  axis  of  s. 
The  expression  for  p  becomes  now 

V  =Po  +  P9Z*  +  ^90 G  |  («,  *  +  «,•&)  sm  -^  t 


'        2n  ) 


az0  -az0 

£  —  8 

r    )  ah    -ah 

€  +  6 

The  values  which  have  been  obtained  for 
the  displacements  and  the  fluid  pressure 
afford  the  complete  solution  of  the  prob- 
lem under  consideration. 

The  results  obtained  are,  however,  very 
much  modified  in  the  cases  where  the 
particles  are  removed  to  great  distances 
from  the  axis.  We  have  already  seen  the 
change  produced  in  the  function  f  in  such 
a  case,  viz.,  this  quantity  becomes 

a  cos  s  +  b  sin  s 

a/s 
or  since  a  is  a  constant 

A  cos  ar  +  B  sin  ar 

WTe  might  have  so  transformed  our  firs  t 
obtained  value  of  f  that  the  infinite  series 
therein  contained  should  have  proceed- 
ed according  to  ascending  j:>owers  of  — 3 

and  thus  obtained  the  same  result;  this, 
however,  would  have  been  a  difficult  pro- 
cess. 

The  quantities  n,  and  £2  are  now  given 
by  the  equations, 

sin  ar     „        cos  ar 
n=  — — -,  £2  =  — — - 
Vr  Vr 

Substituting  these  in  our  value  for  cp  and 
we  have, 

_1_  j  ff{h-z)  -a(h-z)  ) 
Vr(£     +     £  ) 


f~- 
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•j  (a1  sin  OY  +  a2  cosov)  sin   —  t 

+  (bt  sin  (?r  +  b2  cos  (Tr)  cos  — t  r 

for  the  simplest  case  of  waves  we  can 
make  ax=b=o  and  a=b=a;  thus 

1  sm    —  £  +  <rr) 


^ 


Differentiating  this  for  r  gives  us  the 
radial  velocity  of  a  particle,  representing 
this  by  rj  and  we  have 

LM>M   -<t(Ah*) 


=vi 


+   e 


') 


f  /2tc  \      a     .    {2tc  \) 

i  <7acos!  —  t  +  ffr)  +-jj-  sm  ( —  t+(?rj  > 

discarding  term  containing  -, 

also 

The  expression  for  _£>  also  becomes, 
after  making  the  proper  substitutions 
and  reductions, 

6za         -<?z0 
a as      —  s 


/2?r  x 


Introducing  now  the  wave  length  £  we 
have  for  great  values  of  r 

1  J^ 

VV + 1    vV 

and  also  for  a  first  approximation, 
1  1  _1_ 

yv 


Vr0  +  7      Vr0 

2n 
we  have,  as  before,  a=-—,  and  / 

Thus  9)  becomes  now, 


r  a?. 


/ 


with  as  before, 


+ 


sm  -r-(W +  r) 


ah  -ffh 
Iff  e-  s 

w~ 1/271  ah  -ah 
*  €+  s 

which  for  great  depths  or  for  particles 
near  the  surface  becomes, 

y  2n 

The  same  deductions  are  to  be  made 
here  as  in  the  case  of  plane  waves,  viz., 
that  for  particles  any  where  within 
the  mass  of  a  fluid  of  infinite  depth  or 
near  the  surface  of  a  mass  of  finite  depth 
the  velocity  varies  as  the  square  root  of 
the  wave  length.  Write  now  aG——a 
and  collect  all  of  our  expressions: 

I      a    j    2n  2tc  ) 


+     £ 


v=- 


vV, 


j  2tc  2tt 


2nl  \ 


-f-    e 


cos 


2n(  \ 


aA 


27T(h-z)    -0{h- 
l   €    —       S 

*} 

sin- 

2n 

z 

I   ° 

2it 

-7  no c 

e 

Vr027t 

~Th 

.    2rti  \ 

m  —  twt  +  r) 


+  £ 


.    2n(   J      \ 
sm  —  ( iot  +  1'j 


V 


2n       2n 

Th  -T/l 
}g_  s  +  s 

'27T-<^r        27rl 

11  — -n 


I 

8      +      S 


We  see  from  these  expressions  that  the 
amplitudes  of  cylindrical  waves  differ 
only  from  those  of  plane  waves  by  the 

factor  — - = — or  m  cylindiical  waves  the 
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amplitudes  varies  inversely  as  A/V0 — and 
for  particles  very  remote  from  the  axis 
the  amplitudes  will  vanish;  whereas  in 
the  case  of  plane  waves  we  saw  that  the 
amplitudes  were  always  the  same  for  the 
same  depth. 

From  the  expressions  for  the  displace- 
ments we  have  as  before 


V 


5-j 


-  (h-z)  T(h- 


«} 


+ 


+■ 


-j(h-z)T{h- 


=  1 


have  obtained  for  plane  waves  are  trans 
ferable  into  the  corresponding  results  for 
cylindrical  waves  by  merely  multiplying 

by  the  factor  — — • 

Suppose  now  that  we  have  a  series  of 
n  waves  of  the  same  wave  length  and 
amplitude  but  of  different  phases,  start- 
ing from  the  same  axis ;  let  these  waves 
be  defined  in  the  same  manner  as  in  the 
case  of  plane  waves  and  we  shall  have  for 
the  resultant  wave  "function 


s        +    € 

Now  if  A  be  finite  we  have  as  before  for 
particles  within  the  mass  of  the  fluid — 
except  near  the  surface — that  they  move 
in  ellipses  whose  plane  is  vertical  and 
passing  through  the  wave  axis,  and 
whose  transverse  axis  is  in  the  direction 
of  r.  Also  the  axes  of  the  elhpse  de- 
crease as  r0  increases  and  for  particles  in- 
finitely remote  from  the  wave  axis  they 
vanish,  or  these  particles  are  at  rest. 
The  axes  also,  as  in  the  case  of  plane 
waves,  continuously  decrease  as  z  in- 
creases, and  for  z—h  the  transverse  axis 

2« 
becomes  _  and  the  vertical  axis  van- 

Vr 
ishes  as  it  should  do. 

If  z  be  very  small  as  compared  with  h, 
the  equation  of  our  ellipse  becomes 


when, 


a{h-z)   ff(h-z) 

€        +    s 

sin  ff{(u  t  +  r+<p) 


(Li  k) 


v 


A — -z 

€  l 


+ 


4l7T, 


=1 


when 


2tt, 


A=- 


aA\> 


This  is  the  equation  of  a  circle  whose 
radius  is 

A-^2 

That  is,  for  particles  near  the  surface  of 
a  mass  of  fluid  of  finite  depth,  or  for 
particles  any  where  within  the  mass  of  a 
fluid  of  infinite  depth,  the  motion  is  id  a 
circle.  It  is  shown  as  in  the  case  of 
plane  waves  that  this  circular  motion  is 
uniform.     In  fact,  all  the  results  that  we 


i=n  j=n     k=n 

As=  2a1">  +  2  2aj  2  a*  cos  a 

i=o  j—o      =j'-f-l 

and 

-          _a   2  «isin  Go.i 
W=-  tan        t=* 

2a j  COS  (Taj 

j-o 

If  the  wave  lengths  are  the  same,  butTthe 
amplitudes  different  by  reason  of  differ- 
ent initial  values  of  r0,  the  change  in  the 
form  of  these  quantities  is  very  slight ; 
they  become 

*=M a?         i=n   a-    &=»      rii 

A"=2  — +22-^    2  -%. 

i  =  o\fn      j=o\/rj]c=j+'L\/rk 


COS    G 


and 


la  -a\ 

\k-Vkf 


<(i 


W=±  tan 

6 


i=n 
2    — '—  Sin  Gai 

i=i  Vn 


2 — =.  COS  ffa.j 
Vrj 

Suppose  now  that  we  have  two  waves  of 
the  same  wave  lengths  and  amplitudes, 
but  of  different  phases  and  going  in 
opposite  directions.  The  resultant  wave 
function  will  be 

,  2a     (  a  (h-z)  -  6  (h-z) 


sm 


ff{(ol+  —  Icos  fflr— — ) 


which  corresponds  to  a  standing  wave. 
Differentiating  for  r  and  z  we  have  for 
|  the  displacement  of  r}  and  w, 
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V= 


2a_  j    ff  (h-z)  -ff(h-z)  \ 


A/V„ 


+   £ 


Sill  ff 


2±_(ff(h-z)    -ff(h-Z)\ 
Vr,\«        -    £  ) 


K) 


-      £ 

sin 


sm  ff\ 

ff(wt  +  -  )  cos  o"(r —  ) 

The  ratio  —  is  independent  of  t,  and 

we  make  the  same  deduction  as  before, 
that  the  particle  move  in  right  lines 
whose  inclination  to  the  axes  varies  with 
z  and  r. 

Suppose  that  we  have  a  series  of  par- 
allel wave  axes,  and  that  waves  proceed 
from  them  having  the  same  length  and 
the  equal  amplitudes  but  different  phases. 
Let  the  wave  functions  be  given  as 

a*     (ff(h-z)  -ff(h-z)\ 

ffVr/°)\f       +  €  I 

sin  ff(u)t  +  r(°>  +  a0) 

a!     lff{hr-z)  -ff(h-z)\ 

l~     flVr.M*        +    £  / 

sin  ff(<at-\-r^  +  al 

ff(h-z)  -ff{h-z) 

e       +   e 

sin  ff(oot  +  r{1)  +  an ) 


<P.= 


<P 


(p'l~    ff  Vr^J  1 


1 


adding  these  we  have 


2cp= 2a 


—  ^u,      < 
0"  i=r0  (.  ' 


jff(h-z)  -ff(h-z) 


+      £ 


(sin  ff(Got  +  r 


sin  ff{ cot  +  r"  +  aB)       sin  ff(cot  +  H1)  +  aj 


+ 


from  which 

i=n       s  _ / 7 
i—o        (_  £ 


^/r(n) 


-z)    ~ff(h-z) 


sin  e^art  +  rW+a,) 


+ 


sin  cr(GL/«  +  r(n>4-an)) 

V^  ~-> 
The  waves  may  evidently  so  move  that 
at  certain  points  the  vertical  displace- 
ments shall  be  equal  to  zero.  We  can 
determine  these  points  by  placing  the 
trigonometric  factor  of  w  equal  to  zero ; 
thus 
sin  ff  (iot  +  7<°)  +  an)      sin  ff  (cut  +  r^  +  a,) 


+ 


sin  ff  (oj(  +  r^  +  an )  _ 


This  expression  can  be  divided  into  two 
parts,  one  of  which  shall  have  for  a 
factor  sin  ff  go  t,  and  the  other  cos  ff  go  t. 

cos  ff  (r(°>  +  ae) 


sm  ff  go  t 


+ 


v        0 

cos  ff  (yCD-faJ 


+ 


0 

cos  o"  (rW  +  a 


r  (n)  f 


+  COS  (Twl 


+ 


+ 


sin  ff  (r(°)  +  a0) 
\/r~ifi) 

0 

sin  ff  (r^  +  a1 

sin  g"  (r<n>  +  an)  )  _ 
Vr%,  ~  >  ~° 
Equate  separately  to  zero  the  factors 
multiplying  sin  ff  u>  t  and  cos  ffn  w  t. 
square  and  add  the  resulting  equations 
and  we  have  after  some  easy  reductions, 

For  the  simple  case  of  n=2  or  two  wave 
axes  we  have  since  «  —  o 


cos  ff  (r(°)-/%  )— o 


If  r0(°)=rJV  this  becomes 
2       2 

— -  +  —  COS  C  (  — a,)— 0 
r       r 

0  '  0 

If  now  -0-^=4.(2/1  +  1)^  this  equation 
will  be  satisfied,  i.e.,  if 

«=  +  (2m  +  1)^ 

Therefore  if  the  difference  of  phase  is  an 
odd  multiple  of  half  the  wave  length  the 
vertical  displacement  is  zero — but  only 
for  the  points  for  which  r®)=r(JM.  The 
points  defined  by  the  equation 
r  (0)=~  (i) 

lie  on  a.  plane  which  from  its  relation  to 
the  waves  may  be  called  the  plane  of 
symmetry.  We  will  now  examine  a  little 
more  closely  the  conditions  at  this  plane 
of  symmetry.     We  have 


<Po 


°v» 


ff(h-z)  -ff(h-z) 

£  +      £ 


sin  ff(ict- 


>•) 
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fff 


VVrW 


j    ff(h-z)  -ff(h-z) 
{£        +    £ 

sin  ff(Got  +  r'  +  aj 

writing,  for  convenience,  r'  for  r^>.     We 
have  also 

dcp  dr       dcp'  dr' 
U~  dr    dx       dr  dx 
__d<pdr     dcp  dr' 
~~drdy  +  dx'  dy 

when   r^as'  +  y"   and   r'3=  (x-2ay  +  y\ 
Now  since 

<Ta1=±(2n'+l)flr 

we  will  have  for  r—r' 

dcp       dcp' 
dr=~~drr 

At  the  plane  of  symmetry  n—a  so  that 


dr=_/dr^\ 

dx       \dx  r 


and 


dr     dr' 


dy     dy 
Therefore  for  r—r'  we  have- 


n  dcp  dr 
dx  dx 


o,  w=o. 


That  is,  at  the  plane  of  symmetry  the 
displacement  perpendicular  to  it  is  twice 
as  great  as  that  due  to  either  wave  acting 
separately,  and  the  displacements  paral- 
lel to  this  plane  and  the  vertical  displace- 
ments are  ecmal  to  zero.  Suppose  now, 
further,  that  ai=o:  then  we  have  for 
r=r', 


dcp  _  dcp 


therefore, 


u=o,  X—i 


dr   dy 


dz 


From  which  we  have — if  there  is  no 
difference  of  phase  between  the  waves 
from  the  parallel  axes — at  the  plane  of 
symmetry  there  is  no  displacement  in 
the  direction  of  the  axis  of  X  i,  e,  in  the 
direction  perpendicular  to  this  plane ; 
also  that  the  displacement  parallel  to  the 
plane  and  the  vertical  displacement  are 
twice  as  great  as  they  would  be  if  there 
was  but  one  wave. 

The  reader  who  is  interested  in  the 
subject  of  wave  motion  will  do  well  to 
read  an  article  on  the  subject  by  Lord 
Rayleigh  in  the  April  number  of  the 
Philosophical  Magazine  for  1876.  An 
article  in  the  September  number  of  the 
same  publication  for  1878,  though  not 
bearing  directly  upon  the  subject,  will 
also  be  found  to  contain  much  that  is 
of  value  and  interest;  the  article  referred 
to  is  entitled  "  Hydrodynamic  Problems 
in  reference  to  the  Theory  of  Ocean 
Currents,"  by  M.  Zoppritz.  The  mathe- 
matical theory  of  wave  motion  remains 
pretty  much  as  Airy  left  it  when  he  com- 
pleted his  work  on  the  sub  j  eel: — so  no 
better  reference  can  be  given  than  to 
that  work — for  any  one  wishing  to  ac- 
quire a  thorough  knowledge  of  the  sub- 
ject. 


UNSINKABLE  RIVER  STEAMERS. 

From  "  The  Nautical  Magazine." 


Evee  since  iron  has  been  in  use  as  a 
material  for  ship-building,  naval  archi- 
tects have  been  alive  to  the  fact  that  al- 
though iron  ships,  as  compared  with 
wooden  ones,  are  exceptionally  liable  to 
serious  local  damage,  there  is,  on  the 
other  hand,  a  possibility  of  so  construct- 
ing them,  that  such  local  damage  shall 
not  imperil  the  vessel.  Much  misappre- 
hension has,  however,  obtained  as  to  the 
arrangement,  desirability,  and  uses  of 
water-tight  bulkheads  in  iron  vessels. 
This  was  forcibly  exemplified  by  the  ab- 
surd legislation  in  respect  of  them,  which 
formed  a  part  of  the  Merchant  Shipping 


Act  of  1854,  and  which  was  wisely  re- 
pealed in  1862.  The  300th  section  of 
that  Act  prescribes  that  every  steamer 
should  be  divided  as  nearly  as  possible 
into  three  parts  by  watertight  bulkheads. 
Of  course  such  a  division  was  practically 
of  no  use  whatever,  as  if  one  of  the  end 
compartments  were  pierced,  the  trim  of 
the  ship  would  be  so  much  altered  that, 
even  if  the  water  did  not  get  to  her  hatch- 
ways, she  could  not  live  long  in  a  sea- 
way. As  if  still  further  to  increase  the 
absurdity  of  the  whole  thing,  it  was  set- 
tled that  the  bulkheads  need  not  extend 
to  the  upper  deck  in  a  vessel  of  more 
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than  two  decks.  In  nine  out  of  ten  cases 
of  three-decked  vessels,  if  one-third  of 
the  ship's  displacement  were  lost,  the 
water  would  certainly  be  higher  than  the 
top  of  the  bulkheads  and  would  then  run 
into  the  other  compartments  and  sink  the 
vessel.  Since  that  time  the  collision 
bulkhead,  as  it  has  been  called,  has  been 
insisted  on  by  the  Registries,  and  has 
commended  itself  to  shipowners  generally, 
and  many  ships  and  their  crews  have  been 
saved  simply  through  having  this  pro- 
vision in  case  of  the  vessel  being  pierced 
forward.  A  common  fault  is  to  place  the 
collision  bulkhead  too  far  forward,  but 
we  believe  that  this  is  done  less  frequent- 
ly now  than  it  was  a  few  years  ago.  In 
screw-steamers  also,  the  idea  of  the 
water-tight  compartment  at  the  after-end 
has  met  with  almost  general  approval,  as 
affording  a  security  in  the  frequent  cases 
of  injury  to  the  propeller  shaft  which 
may  be  the  cause  of  leakage. 

A  third  application  of  the  same  princi- 
ple is  in  the  case  of  the  double  bottom, 
which  has  the  additional  advantage  of  af- 
fording the  means  for  the  use  of  water 
ballast.  The  water  ballast  tank  has,  in 
the  past,  mostly  been  confined  to  that 
part  of  the  vessel  forming  'the  cargo  hold, 
but  now  frequently  extends  the  whole 
length  of  the  ship. 

The  admiralty  have  constructed  not 
only  ironclads,  but  all  war  vessels  in  com- 
partments, and  in  many  cases  the  parti- 
tions are  very  numerous  and  the  parti- 
tioned spaces  very  small.  Most  vessels 
of  recent  build  have  athwartship  bulk- 
heads, water  tight  flats,  and  also  fore-and- 
aft  bulkheads.  War  vessels  are,  of  course, 
designed  to  encounter  special  risks  and 
this  extreme  sub-division  is  specially 
useful  to  them. 

There  is,  however,  another  class  of  ves- 
sels which  have  to  encounter  special 
risks,  and  in  which  we  think  the  water- 
tight compartment  principle  might  be 
much  more  usefully  and  easily  applied 
than  in  sea-going  merchant  steamers. 
We  refer  to  passenger  steamers  em- 
ployed in  the  navigation  of  rivers -and 
other  smooth  waters.  These  vessels  are 
mostly  built  and  fitted  with  a  view  to 
the  conveyance  of  large  numbers  of  deck 
passengers,  the  number  being  so  large  as 
to  cause  it  to  be  altogether  out  of  the 
question  to  attempt  to  provide  for  emer- 
gencies   by    life-saving    apparatus.      In 


many  cases,  it  is  true,  the  apparatus 
might  be  carried,  but  it  would  be  useless 
in  face  of  the  fact  that  the  crew  of  the 
steamer  is  so  very  small,  sometimes  al- 
most infinitesimal  compared  with  the 
passengers,  and  that  the  passengers,  in 
vessels  of  this  class,  are  usually  especi- 
ally helpless.  Further,  in  many  vessels 
which  depend  for  a  large  part  of  their 
earnings  on  the  conveyance  of  cargo,  it 
has  often  been  urged  that  water-tight 
partitions  are  a  source  of  much  inconve- 
nience, and  rather  than  put  up  with  them 
the  owners  would  give  up  the  passenger 
trade.  We  think  that  perhaps  the  incon- 
venience has  much  been  exaggerated,  but 
it  does  certainly  exist,  and  in  reference 
to  this  we  may  mention  a  fact  bearing 
upon  the  case  which  has  recently  come 
under  our  notice.  The  Admiralty  have 
been  enquiring  into  the  capabilities  of 
our  large  merchant  steamers  for  being 
converted  into  useful  crusiers  in  the 
event  of  war  with  a  maritime  power. 
Three  hundred  was  the  estimated  nun£ 
ber  of  vessels  which,  from  their  size  and 
speed,  were  likely  to  be  useful;  and 
detailed  inspection  has  shown  that  about 
one  hundred  of  them  fulfill  the  bulkhead 
condition,  that  is,  are  so  far  divided,  that 
when  in  fighting  trim,  which,  of  course, 
is  much  less  than  their  usual  load 
draught,  a  shot  hole  in  any  one  compart- 
ment would  not  be  the  cause  of  such 
extra  immersion  as  to  be  a  source  of 
serious  danger.  The  special  point  to 
which  we  refer,  however,  is,  that .  many 
vessels  otherwise  suitable  have  failed, 
because  of  their  owners  objecting  to 
having  a  bulkhead  which  cuts  off  the 
engine  room  from  the  boiler  space.  In 
the  case  of  liver  passenger  steamers  the 
bulkheading  of  the  hold  need  not  be 
objected  to  from  possible  inconvenience, 
as  regards  either  the  stowage  of  cargo  or 
easy  communication  between  engines  and 
boilers.  These  latter  vessels  do  not 
usually  lay  themselves  out  for  cargo,  and 
what  they  do  carry  is  in  the  form  of  mis- 
cellaneous goods  which  could  as  well, 
and  as  conveniently,  go  into  small  com- 
partments, as  into  an  undivided  hold. 

One  serious  drawback  to  compart- 
ments in  seagoing  vessels  is  the  neces- 
sity for  water-tight  doors.  There  must 
for  instance  be  such  a  door  between  the 
engine  and  boiler  compartments,  since 
to   have   them   completely   parted  by   a 
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bulkhead  extending  to  the  upper  deck 
would  be  an  intolerable  nuisance,  and 
•even  in  supposable  cases,  a  source  of 
danger.  When  there  are  doors,  the 
question  is,  will  they  act  when  wanted  ? 
Some  of  the  vessels  in  the  Royal  Navy 
have  been  able  to  make  good  use  of  their 
water-tight  sub-divisions,  but  in  other 
cases  the  arrangement  has  altogether 
failed  of  its  purpose.  Our  readers  will 
remember  the  case  of  the  Agincourt, 
which  was  run  upon  the  Pearl  Rock  and 
got  off  again  safely.  The  Bellerophon 
also  sustained  damage  in  a  collision 
which  would  have  been  fatal  to  a  vessel 
of  ordinary  construction.  On  the  other 
hand  the  Vanguard  and  the  German 
iron-clad  Grosser  Kurfurst,  which  was 
sunk  by  her  consort  in  the  English 
Channel,  are  instances  of  failure.  There 
is  first  the  liability  of  water-tight  doors 
getting  out  of  order  so  as  not  to  act 
when  wanted,  and,  secondly,  the  danger 
that  they  sometimes  cannot  be  shut 
promptly  after  a  collision  has  taken 
place.  If,  however,  water-tight  bulk- 
heads were  a  part  of  the  construction  of 
smooth-water  vessels,  there  would  be  no 
great  need  for  doors  at  all,  and  it  would 
certainly  be  safest  to  dispense  with  them. 
To  go  on  deck  to  pass  from  one  compart- 
ment to  another,  in  a  steamer  which  was 
never  in  a  rough  sea,  would  be  always 
practicable,  and  in  shallow  vessels  it 
could  hardly  be  considered  a  very 
serious  inconvenience. 

It  must  further  be  remembered  that  in 
smooth-water  steamers  a  much  smaller 
number  of  sub-divisions  would  be  suffi- 
icient  than  in  the  case  of  sea-going  ships, 
and  this  for  two  reasons,  viz.:  that  it  is 
necessary  for  an  ocean  steamer  to  have 
a  certain  minimum  free  board,  and  that 
for  her  to  be  only  sub-divided  to  such  an 
extent  as  to  be  merely  unshakable,  would 
be  of  little  service  to  her,  except  she  were 
very  near  a  port.  On  the  other  hand,  all 
that  is  necessary  for  a  smooth-water 
steamer  is  that  she  should  be  insured 
against  sinking:  the  smallest  margin  of 
buoyancy  would  give  ample  time  in  most 
cases  to  rescue  all  her  passengers  if  not 
to  save  the  vessel  herself.  Secondly,  it 
it  is  well  known  that  most  river  steamers, 
and  more  especially  those  which  carry 
very  large  numbers  of  passengers,  have 
a    considerable     margin     of    buoyancy, 


amounting  in  many  instances  to  more 
than  their  total  load  displacement.  For 
these  reasons  we  should  suppose  that  five 
bulkheads  would  usually  be  sufficient  to 
ensure  safety,  even  in  the  case  of  most 
extreme  risk,  that  is,  when  the  vessel  is 
struck  so  near  a  bulkhead  as  to  fill  two 
adjoining  compartments.  This  would 
necessitate  a  division  between  the  engine 
and  boiler  rooms,  and  that  the  usual 
partitions  at  the  ends  of  those  spaces 
should  be  made  securely  water-tight. 
This  only  leaves  a  further  necessity  for 
the  division  of  the  fore  and  after  portions 
of  the  vessel,  each  into  two  parts,  certainly 
an  inconvenience,  perhaps  a  serious  in- 
convenience, but  nothing  when  compared 
with  the  resulting  gain. 

Before  leaving  this  subject  we  must 
make  some  reference  to  the  question  of 
strength.  It  would,  of  course,  be  useless 
to  construct  a  vessel  unsinkable  when 
two  of  her  compartments  are  filled,  and 
yet  otherwise  so  weak  that  in  such  an 
emergency  she  would  tear  in  two.  In  the 
event  of  any  two  adjoining  compartments 
being  pierced,  a  considerable  longitudinal 
strain  would  be  brought  upon  that  part 
of  the  structure  of  the  ship  bounding 
and  adjacent  to  the  compartment  into 
which  the  water  was  admitted.  In  most 
vessels  floating,  even  in  still  water,  the 
different  parts  of  the  hull  are  subjected 
to  strains  caused  by  the  unequal  distri- 
bution of  weight  and  buoyancy.  In  a 
sailing  ship  having  no  cargo  on  board 
there  is  obviously  an  excess  of  buoyancy 
in  the  midship  body,  and  the  weight  of 
the  extreme  ends  is  partly  supported  by 
the  buoyancy  amidships,  thus  bringing  a 
strain  upon  the  vessel,  the  tendency  of 
which  is  to  cause  her  to  lose  her  sheer  or 
to  become  hogged. 

The  extreme  case  of  straining  after  a 
collision  would  be  when  the  vessel  was  so 
struck  that  water  was  admitted  to  both 
engine  and  boiler  rooms.  Under  these 
circumstances  the  weight  of  the  engines 
and  boilers,  and  of  the  structure  of  the 
ship  near  them,  would  be  borne  by  the 
increased  immersion  of  the  ends,  and  it  is 
obvious  that  very  severe  strains  would  be 
brought  upon  the  midship  body  of  the 
ship,  the  tendency  of  the  strain  being  to 
alter  the  shape  of  the  vessel,  so  that  the 
buoyant  ends  should  rise  and  the  middle 
sink. 
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A  NEW  RULE  FOR  CALCULATING  THE  CONTENTS  OF  LAND 

SURVEYS. 


By  J.  WOODBRIDGB  DAVIS,  C.  E. 
Written  for  Van  Nostranb's  Magazine. 


Land  surveying  occupies  but  a  small 
portion  of  the  province  of  an  engineer. 
When  such  work  does  present  itself,  he 
can  meet  it  with  numerous  ready  devices 
and  rules,  numerical  and  graphical,  for 
determining  areas  circumscribed  in  the 
field. 

The  simplest  of  exact  rules,  hitherto 
presented  to  the  world  for  this  purpose, 
is  the  familiar  method  of  Double  Meri- 
dian Distances.  Although  this  is  other- 
wise named  the  Pennsylvania  Method, 
it  appears  to  have  originated  about  a 
century  ago  in  the  mind  of  Thomas 
Burgh,  of  Ireland,  of  whom  it  is  stated  in 
preface  to  Gibsons  Surveying,  JVeto 
York,  1834,  that  he  received  from  the 
Irish  Parliament  twenty  thousand  pounds 
sterling  for  his  discovery. 

It  is,  however,  on  account  of  the  in- 
frequency  of  such  work  in  the  engineer's 
practice,  that  he  often  makes  use  of  some 
instantly  conceived  rule  for  ascertaining 
areas,  though  it  may  be  liable  to  me- 
chanical errors,  or  may  require  much  nu- 
merical labor,  rather  than  commit  to  mind 
again  the  method  for  finding  double 
meridian  distances,  although  each  several 
part  of  that  excellent  rule  is  as  simple  as 
arithmetic  can  be.  With  a  desire  to 
furnish  a  more 'easily  remembered  rule  to 
the  engineer,  and  at  the  same  time  to 
those  who  make  land  surveying  a  busi- 
ness, a  method  more  vitally  important  in 
time-saving,  the  writer  has  endeavored, 
by  applying  to  the  case  a  principle  he  had 


already  used  in  another  branch  of  engi- 
neering, to  substitute  for  the  old  a  sim- 
pler and  shorter  rule,  governing  a  pro- 
cess requiring,  likewise,  less  labor,  with 
what  degree  of  success  he  leaves  it  to  the 
judgment  of  those  interested  to  decide. 

To  determine  the  area  of  a  polygon 
surveyed,  after  finding  the  latitude  and 
departure  of  each  course  as  for  ordinary 
method,  proceed  according  to  the  follow- 
ing rule,  which  for  convenience  of  refer- 
ence shall  be  called  C. 

Bule  C. 

Multiply  the  total  latitude  of  each  sta- 
tion by  the  sum  of  the  departures  of  the 
two  adjacent  courses.  The  algebraic  half 
sum  of  these  products  is  the  area* 

Take  as  an  example  that  worked  out  on 
page  185  of  Gilles2yie,s  Land  Surveying. 

The  two  methods  are  identical  so  far 
as  the  construction  of  the  first  seven  col- 
umns of  each.  The  work  necessary  to 
find  double  meridian  distances  for  old 
method  is  not  shown.  No  such  outside 
work  is  required  for  the  new  method. 
To  find  the  total  latitude  of  each  station, 
add  to  total  latitude  of  preceding  station 
the  latitude  of  preceding  course.  If  the 
latitude  of  last  station,  found  in  this  way. 
be  equal  to  the  latitude  of  last  course 
with  reversed  sign,  the  work  is  correct. 
However,  the  latitude  of  first  station  is 


*  Thi?  rule  was  used  to  the  exclusion  of  the  old  me- 
thod last  Fall,  at  Columbia  College,  in  both  the  School  of 
Mines  and  the  School  of  Arts. 


Example  of  Old  Method  of  Calculating  Contents  of  Land  Surveys. 


Station 

Bearing. 

Distance. 

Latitude. 

Departure. 

Double 

Mer. 

Dis- 
tances. 

Double  Areas. 

N+ 

S- 

E+ 

W- 

+ 

- 

1 
2 
3 
4 
5 

N  35°  00'  E 
N  83*  30'  E 
S  57°  00'  E 
S  34°  15'  W 
N  56°  30'  W 

2.70 
1.29 
2.22 
3.55 
3.23 

2.21 
.15 

1.78 

1.21 
2.93 

1.55 

1.28 
1.86 

2.00 
2.69 

1.55 
4.38 
7.52 
7.38 
2.69 

3.4255 
0.6570 

4.7S82 

9.0992 
21.6234 

2)21.8519 
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Example  of  New  Method  of  Calculating  Contexts  of  Land  Surveys. 


Station 

Bearing. 

Distance. 

Latitude. 

Departure. 

Total 

Adiacent 

Double 

N+ 

S- 

E+ 

W- 

Latitude  Departures 

Areas. 

1 
2 
3 
4 
5 

N  35°  00'  E 
N  83°  30'  E 
S  57c  00'  E 
S  34°  15'  W 
N  56°  30'  W 

2.70 
1.29 
2  22 
3.55 
3.23 

2.21 
.15 

1.78 

1.21 
2.93 

1.55 
1.28 
1.86 

2.00 
2.69 

2.21 
2.36 
1.15 

-1.78 

2.83 

3.14 

-0.14 

-4.69 

6.2543 

7.4104 

-0.1610 

8.3482 

always  zero ;  of  last  station  it  is  always 
the  latitude  of  last  course  with  reversed 
sign ;  and  of  second  station  it  is  always 
the  latitude  of  first  course.  To  find  the 
adjacent  departures,  add  the  departures 
of  the  two  courses,  one  on  each  side  of 
station. 

The  advantages  of  this  plan  of  calcula- 
tion over  the  old  method,  are  the  follow- 
ing: 

1°.  The  rule  governing  the  operation 
is  brief,  simple  and  easily  remembered. 

2°.  The  labor  of  computing  double 
meridian  distances  is  not  needed.  To 
find  each  total  latitude  or  pair  of  ad- 
jacent departures,  used  instead  of  double 
meridian  distances,  only  the  sum  of,  or 
difference  between,  two  numbers  already 
in  the  table  must  be  found.  This  toork 
is  done  directly  in  table. 

3°.  Whereas  by  the  old  method  a 
double  area  product  must  be  found  for 
every  side  of  the  polygon,  by  the  new 
method  the  number  of  such  prod%icts  is 
ahoays  one  less  than  the  number  of 
sides.  If  one  or  more  stations  have  same 
latitude  as  initial  station,  an  equal  num- 
ber of  other  products  disappear.  If  two 
alternate  stations  have  same  longitude, 
another  product  disappears. 

4°.  The  factors,  used  in  the  method 
here  described,  for  finding  double  area 
products,  are  almost  always  smaller  than 
those  used  in  the  old  method,  sometimes 
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containing  fewer  digits.  The  multi- 
plications are,  therefore,  generally  easier 
in  this  method  than  in  the  old.  The 
arithmetical  aggregate  of  products  of 
old  method,  for  this  example,  is  nearly 
40.  Of  the  present  method  this  aggre- 
gate is  22.  The  average  size  of  product 
by  first  rule  is  7.9187.  By  second  rule 
it  is  5.5435. 

Any  station  may  be  taken  as  the  initial 
station,  conveniently,  the  beginning  point 
of  survey.  It  is  unnecessary  to  make  a 
plot  to  determine  most  westerly  or  most 
easterly  point,  or  for  any  other  purpose 
connected  with  calculation  of  area.  The 
most  advantageous  station,  however,  to 
which  to  refer  the  others,  is  that  whose 
latitude  is  most  nearly  an  average  of  the 
latitudes  of  all.  This  position  insures 
the  smallest  double  area  factors. 

The  principle,  upon  which  the  fore- 
going rule  may  be  made  to  depend,  shall 
now  be  demonstrated,  and  a  few  of  its 
applications  shown.  Although  some  of 
these  have  been  already  published  at 
length  by  the  writer,  it  seems  proper  to 
record  them  briefly,  at  least,  in  this  con- 
nection, as  the  general  rule  appears  to  be 
new. 

Consider  any  series  of  five  trapezoids, 
lying  consecutive  with  their  bases  on  one 
straight  line.  The  area  of  series,  as  found 
by  ordinary  method,  the  symbols  of  Fig. 
1  used,  is 


Fig.l 

b 

c 

d 

e 

/ 

Di 

1 D, 1 

1 D-3- 

1 

! 



-  —  - 

Dr- 

D— - 

1 

i 
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iCD,(a  +  b)  +  (D-D,)  (b  +  o)  +  (D -D2) 
(c  +  tf,  +  (D4--D,)(tf+e)  +  (D-D4)(e+/)]- 

This  may  be  transformed  into 

i[D1(«-c)+D2(&-d)+D3(^-e)+D4 

(<*_/) +D(e+/)].     (2) 

From  this  is  derived  the  following  rule, 
which  is  true,  at  least,  for  any  series  of 
five  trapezoids  arranged  as  in  Fig.  1. 
For  convenience  let  this  be  called  Rule  A. 

Rule  A. 

To  find  the  area  bounded  partly  by 
any  broken  line,  determined  from  a  base 
line  by  means  of  rectangular  ordinates, 
and  otherwise  bounded  by  the  base  line 
and  terminal  ordinates. 

Multiply  the  distance  of  each  inter- 
mediate ordinate  from  first  end  by  the 
difference  between  the  two  adjacent  ordi- 
nates, always  subtracting  the  one  more 
distant  from  the  one  less  distant,  as 
measured  on  broken  line.  Also,  multiply 
distance  of  last  ordinate  from  first  by  the 
sum  of  last  two  ordinates.  Divide  the 
sum  of  these  products  by  2. 

If  this  rule  apply  to  a  series  of  n  trape- 
zoids, its  area  is 

1LD1  {a  -  c)  +  D2  (b  -  d)  +  etc.  +  D^  (i  -  k) 
+D»  (/  +  *)]■     (3). 
Add  another  trapezoid  to  the  latter  end 
of  this  series.     Its  area  is 

i(Dn+i-P„.)(&+9- 


Add  this  to  (3).  The  result  is  the  area 
of  a  series  of  n  + 1  trapezoids,  and  is  ex- 
pressed by  the  following : 

J[D,(a-o)i+ete.+D«-.i(t-*)+D„  ( j-l) 

+Dra+1(/b+Z)]. 

Therefore,  the  rule  applies  to  a  series  of 
ft  +  1  trapezoids. 

If  from  the  series  of  n  trapezoids  the 
last  trapezoid,  whose  area  is 

^(Dn-Dn^U  +  k), 

be  subtracted,  the  area  of  the  remaining 
series  of  n— 1  trapezoids  is  the  following : 

ip^a-e)  +T>^(b-d)  +  etc.+D71_1(z+/)]. 

Therefore,  the  rule  applies  to  a  series  of 
n— 1  trapezoids. 

It  is  certain  that  the  rule  applies  to  a 
series  of  five  trapezoids.  Let  n=5.  Then 
?* +  1=6,  and  n— 1=4.  Consequently,  the 
rule  applies  to  a  series  of  six  trapezoids, 
and  to  a  series  of  four.  For  this  reason 
it  applies  to  series  of  three  and  seven 
trapezoids,  and  so  on.  Because  a  series 
containing  any  number  of  trapezoids  may 
be  found  by  continually  adding,  or  sub- 
tracting, one  trapezoid  to,  or  from,  a 
series  of  five,  and  because  the  application 
of  the  rule  is  not  affected  by  each  such 
operation,  it  follows  that  Rule  A  applies 
to  a  series  consisting  of  any  number  of 
trapezoids. 

To   prove   that  the   rule   is   perfectly 

general,  whatever  the  position  of  trape 

zoids,    let  us  .consider  a  series  in  which 
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portions  of  the  broken  line  are  retrogres- 
sive, or,  in  which  some  of  the  trapezoids 
are  subtractive,  as  in  Fig.  2,  where  the 
broken  line  is  ABC  .  .  .  DEFGH  .  .  . 
IJKLMP  .  .  .  QRS,  and  the  terminal  or- 
dinates  are  a,  s.  The  dotted  lines  be- 
tween C  and  D,  H  and  I,  P  and  Q, 
represent  omitted  parts  of  broken  line, 
which  may  be  filled  with  any  number  of 
lines. 

For  convenience,  let  the  distances  from 
the  ordinate  a  to  the  other  ordinates,  as 
b,  /,  be  denoted  by  the  same  letters,  re- 
spectively, with  primes,  as  b',  f.  Dist- 
ances measured  leftward  from  the  initial 
ordinate,  a,  considered  negative,  the  area 
between  FGH  .  .  .  UK,  the  ordinates, 
f,  k,  and  the  base  line,  is,  by  rule,  what- 
ever the  number  of  trapezoids, 

kW-f'Mf-h)  +  etc.  +  (/-/)  {i-k)  + 

(*-/)(/+*)]■ 

This  may  be  separated  into  two  parts. 
One  is 

i[g>{f-h)  +etc.  +/(«-&)  +*'(/+*)]■      (4) 

The  other  is,  evidently,  the  product 
of  —\f  and  the  sum  of  all  the  ordinates 
from  F  to  K,  diminished  by  the  product 
of— \f  and  the  sum  of  all  the  same 
ordinates  except  the  first  two,  /',  g.  This 
part  is,  therefore,  eqiial  to 


_i 


■fif+ff)- 


(5) 


The  area  included  by  FED  .  .  .  CBA 
and  base  line,  between  ordinates,  f,  a,  is, 
by  same  rule,  whatever  the  number  of 
trapezoids, 

W-f)  U'-d)  +  etc.  +  (b'-f)  (c-a) 

+  (-/')  (*  +  *)]' 

which,  as  before,  is  equivalent  with 

Ke'(f-d)+etc.  +  b'(c-a)-f'(f+e)-].    (6) 

The  area  between  SRQ  . .  .  PML  and 
base  line,  terminated  by  ordinates,  s,  I, 
is,  similarly, 

•  £[(r'-D)  (s-2-)  +  etc,  +  (m'-D)  {p-l) 

+  (l'-T>)(m  +  l)l 

or,  £[>' (s-q)  +  etc.  +  in'  (2?-l)  +  V  (in  + 1) 

-T>(s  +  r)l     (7) 

To  determine  the  entire  area  as  described 
by  rule,  the  sum  of  (6)  and  (7)  must  be 
subtracted  from  the  sum  of  (4)  and  (5). 
This  performed,  the  expression  for  area 
can  be  arranged  thus : 


[  b'(a-c)  +  etc.  +  e'(d-f)  +f(e-g) ) 
+  g' (/-/<)+ etc. +f  (i-k)        | 

+  le'(J-l)  +  I'  (h-m)  +m'  {l-i))  I    ^ 
+  etc.  +  r'  (q-s)  +  D(r  +  s) 

From  this  it  is  seen  that  the  rule  ap- 
plies to  the  series  of  trapezoids.  This 
example  explains  the  intention  of  the 
phrase,  as  measured  on  broken  line, 
which  occurs  in  the  rule. 

The  broken  line  can  be  continued  from 
S  in  any  direction,  through  any  kind  of 
complication,  forming  the  upper  sides  of 
new  trapezoids.  To  all  cases  the  same 
rule  applies;  because  the  portions  of 
broken  line  can  have  no  direction  not 
considered  in  this  example,  and  because, 
if  the  rule  apply  to  a  series  of  n  trape- 
zoids, it  applies  also  to  series  of  n  +  1  and 
of  n — 1  trapezoids. 

There  is  one  case,  however,  which 
on  account  of  its  frequency  in  practice, 
and  because  the  formula  for  this  case  is 
reduced,  deserves  a  special  rule.  This  is 
the  case  where  the  end  of  the  line,  a's  S, 
coincides  with  the  beginning,  as  A. 
Then,  the  broken  line  forms  the  peri- 
meter of  a  polygon,  and  the  result  of  the 
rule  is,  the  area  enclosed;  while,  because 
D  becomes  zero,  the  only  term,  D(r  +  s), 
in  the  formula  for  area,  (8),  which  has  for 
a  factor  the  sum  of  two  ordinates, 
vanishes. 

To  treat  this  case  in  the  most  general 
way,  suppose  B,  C,  D,  -E,  F  (Fig.  3)  to  be 
points  anywhere  situated  in  a  plane  and 
referred  in  position  by  rectangular  co-or- 
dinates to  the  point  A  in  same  plane  ; 
and  suppose  the  points  to  be  connected 
in  order  named  by  a  broken  line,  ending 
again  at  B.  Let  the  ordinates  of  the 
j)oints  be  denoted  by  a,  b,  c,  d,  e,  f,  and 
the  abscissas  by  a',  b',  c',  d',  e',  f.  Con- 
nect the  origin  by  a  straight  line  with 
any  of  the  points,  as  B.  Then  the  area' 
of  the  polygon  ABCDEFBA,  which  is 
equal  to  the  area  of  the  polygon  BCD 
EFB,  is  by  rule, 

\\b\a-c)  +  c'(b-d)  +  d'(c-e)  +  e'(d-f) 

+f(e-b)  +  b'{f-a)-]     (9) 

=£[£'  (f-c)  +  c'(b-d)  +  d'  (c-e) 

+  e'(d-b)+f'{e-b)-]      (10) 

=  -iW'-c')  +  c{b'-d')  +  d{c'-e') 

+  e(d'-f)+f{e'-b')-\     (11) 

From    expressions    (10),     (11)    can    be 
framed  the  following  rule  : 


NEW   EULE   FOR   CALCULATING   LAND    SURVEYS. 


293 


Fig.  3 


Kule  B. 
To  find  the  area  of  any  polygon  whose 
vertices  are  fixed  by  rectangular  co-ordi- 
nate measurement. 

Multiply  the  abscissa  of  each  vertex  by 
the  difference  between  the  ordinates  of  the 
two  adjacent  vertices/  or,  midtiply  the 
ordinate  of  each  vertex  by  the  difference 
between  the  abscissae  of  the  two  adjacent 
vertices  ;  always  making  the  subtraction 
in  the  same  direction  around  the  poly- 
gon. Half  the  sum  of  these  products  is 
the  area. 

For  the  sides  CD,  DE,  EF  of  polygon 
can  be  substituted  any  number  of  sides. 
This  causes  expression  (9)  to  contain 
more  or  fewer  terms  like  its  middle  terms, 
but  does  not  affect  the  end  terms.  There- 
fore, the  reduction  to  forms  of  expres- 
sions (10),  (11)  can  still  be  made.  Con- 
sequently, the  rule  is  true  whatever  the 
number  of  sides  the  polygon  possesses. 

Since  the  rule  for  a  series  of  trapezoids 
is  independent  of  shape  of  broken  line, 
the  rule  for  areas  of  polygons,  which  is 
identical  with  the  former,  is  independent 
of  the  shape  of  perimeters. 

Expressions  (10),  (11)  show  that  the 
rule  is  independent  of  position  of  origin 
of  co-ordinates. 

The  rule  is  independent  of  direction  of 
co-ordinate  axes,  because  the  demonstra- 
tion is  independent  of  this. 

It  follows  that  the  rule  is  perfectly 
general. 


If  the  origin  be  placed  at  a  vertex,  one 
term  vanishes  whichever  way  the  rule  be 
used.  If  one  of  the  co-ordinate  axes  be 
passed  through  two  vertices,  two  terms 
vanish,  when  the  rule  is  used  one  way. 

It  is  evident  that  Rule  B  is  simply  the 
case  of  Rule  A  when,  the  origin  being  at 
a  vertex,  the  last  and  most  difficult  term 
vanishes ;  or,  when  the  origin  being  not 
at  a  vertex,  the  last  term  vanishes,  and 
of  the  remaining  the  two  end  terms  re- 
duce to  one. 

Sometimes  the  series  of  trapezoids,  or 
the  polygon,  contains  negative  spaces. 
This  always  occurs  when  the  boundary 
crosses  itself.  If,  in  Fig.  4,  the  broken 
line  begin  at  A  and  follow  the  capital 
letters  in  alphabetical  order,  returning  to 
A  again,  the  area  enclosed,  as  found  by 
rule,  is  the  area  ABCDE  m  A,  diminished 
by  the  area  mlHGFm.  But,  if  the 
broken  line  be  considered  to  be  ABCDE//? 
IHGEmA,  the  area,  by  rale,  is  equal  to 
the  arithmetical  sum  of  the  areas  of  the 
two  parts. 

This  can  be  explained  as  follows : 

If  a  line  enclose  a  space,  the  space  is 
on  one  side  only  of  the  line  /  because,  by 
definition,  the  line  is  a  boundary.  Hut, 
if  the  line  cross  itself,  a  portion  of  the 
line  encloses  neio  space  on  the  other  side 
of  itself;  that  is,  this  portion  not  only 
does  not  enclose  space  of  original  descrip- 
tion, but  encloses  space  of  directly  oppo- 
site description.     Hence,  in  this  case,  the 


Fig.  4 
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amount  of  space  of  one  description  en- 
closed, is  the  amount  enclosed  on  the 
proper  side  of  the  boundary  less  the 
amount  enclosed  on  the  other  side  of  the 
boundary. 

On  the  supposition  that  the  line  takes 
the  course  E»?I,  etc.,  the  space  is  always 
on  one  side  of  the  line,  and  is,  conse- 
quently, all  positive  or  all  negative,  ac- 
cordingly as  the  line  be  supposed  to  fol- 
low the  course  around  in  the  direction  of 
the  hands  of  a  watch  or  in  reverse  direc- 
tion. To  accord  with  latter  supposition, 
the  polygon  of  Fig.  4  has  eleven  sides : 
to  accord  with  first  supposition,  it  is  a 
polygon  of  nine  sides. 

The  most  general  case  of  a  series  of 
trapezoids  being  considered,  the  series 
always  contains  negative  spaces,  when 
the  broken  line  crosses  itself,  either  end 
ordinate  or  the  base  line  between  end  or- 
dinates. 

This  case  is  met  with  in  practice.  A 
very  practical  example  shall  be  given 
shortly.  The  following  is  an  illustration 
from  analytical  geometry.  The  area  be- 
tween the  axis  of  X  and  the  line,  y=a 
—  bx,  between  the  limits,  x=o,  x=2a-^-b, 
is 

/x=2a—mb 
(a  —  bx)dx=o. 

But,  arithmetically,  the  area  is  az-±-b. 

It  is  now  seen  that  rule  A,  which  al- 
ways includes  rule  B,  applies  generally 
to  all  cases  where  areas  are  determined 
by  dividing  them  into  trapezoids  and 
triangles,  additive  and  subtractive,  lying 
consecutive  with  their  bases  on  one 
straight  line.  One  general  advantage  of 
the  rule  is,  therefore,  that  it  reduces  the 
solution  of  the  most  difficult  cases  to 
mere  mechanical  computation,  saving  us 
the  labor  of  making  plans  and  placing 
positive  and  negative  trapezoids.  An- 
other advantage  is  that  it  makes  the  me- 
chanical computation  less  ;  first,  because 
it  uses  the  differences  between  ordinates 
as  factors,  instead  of  sums  of  ordinates, 
and,  second,  because  it  often  requires 
fewer  terms  than  ordinary  methods. 
These  advantages  appear  more  clearly, 
however,  when  illustrated  by  examples. 

The  case  of  such  a  series  of  trapezoids, 
as  is  shown  in  Fig.  1,  is  of  frequent  oc- 
currence in  all  branches  of  engineering 
and  in  many  other  professions.  Here 
rule  A  is  invariably  simpler  than  the  or- 


dinary method,  except  when  the  trape- 
zoids are  all  of  equal  length.  Let  lis  ap- 
ply the  rule  in  the  calculation  of  cubical 
contents  of  the  fcorrow-pit,  whose  surface 
notes,  the  datum  plane  being  fixed  at 
20  feet  below  elevation  of  station  zero  on 
base  line,  are  the  following: 


T5  TTJlf 


\        / 


__       "IT 


A  -  20  22  27  SO  27 

The  line  on  left  is  base  line.  The 
cross-sections  are  taken  at  right  angles  to 
this,  25  feet  apart,  as  indicated.  Each 
pair  of  numbers  represent  the  elevation 
and  distance  from  base  line,  of  a  point. 

To  estimate  the  mass  of  earth  between 
this  surface  and  datiun  plane,  arrange 
distances  in  one  column,  as  shown,  and 
the  differences  of  adjacent  elevations  in 

Table  of  Operations. 


Sta. 

Dist. 

Ti—h? 

Prods. 

Pris. 

Cor. 

0 

10 

10 

50. 

30 

0 

0 

50 

—15 

—  375. 

75 

—  5 

—  187.5 

100 

45 

2250. 

25 

1 

15 

5 

75. 

0 

30 

—  5 

—  150. 

25 

45 

—10 

—  450. 

0 

70 

—  5 

—  350. 

0 

100 

40 

4000. 

0 

2 

15 

2 

—    30. 

50 

40 

-10 

—  400. 

—  30 

2  /60X-8) 

60 

-13 

—  780. 

0 

100 

45 

4500. 

0 

£           3 

20 

—  5 

—  100. 

15 

35 

—  8 

—  280. 

10 

75 

—  5 

—  375. 

—120 

100 

51 

5100. 

0 

4 

20 

—  7 

—    70. 

0 

30 

—  8 

—  120. 

0 

80 

0 

0 

-  25 

100 

57 

2850. 

0 

15157.5       -  50 

Pri 

?.  Cor.  -7-1 

1=     -8.33 

4)15149.17 
9)378729.25 

6)42081.03 

7013. , 

5  cu.  yds. 
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the  next,  except  for  each  last  distance, 
100,  opposite  which  place  the  sum  of  last 
two  elevations.  From  these  calculate 
the  column  of  products,  using  half  the 
products  of  first  and  last  stations.  Mul- 
tiply the  sum  by  the  distance  between 
stations,  25  feet,  and  divide  by  54. 

'As  this  example  is  copied  directly  from 
a  book  on  earthwork  calculation — For- 
mulae for  JR.  JR.  Farthioork,  Quantities 
and  Average  Haul — it  contains  a  little 
more  matter  than  has  been  explained, 
namely,  that  exhibited  in  last  column, 
and  the  equation,  Pris.  Cor. -=-6  =—8.33, 
which  should  be  omitted  here. 

The  advantage  of  this  plan  over  that 
usually  employed  for  this  work  is  ap- 
parent at  sight,  and  time  shall  not  be 
spent  here  to  analyze  it.  Especially  to 
be  noticed,  however,  is  the  fact  that  the 
factors  of  this  method  are  more  easily 
handled  than  those  of  other  methods, 
since  the  ones  in  column  of  differences 
are  nearly  all  composed  of  a  single  digit 
each  (two  in  this  example  are  zero),  thus 
making  unnecessary  the  extra  work  of 
separate  multiplication,  while  the  larger 
ones,  opposite  last  distances,  require  for 
the  operation,  in  present  example,  merely 
a  shifting  of  decimal  point.  Where  the 
ground  is  more  level  than  this — the  com- 
moner case — this  feature  is  more  marked, 
and  is  independent  of  depth  of  pit. 

Although  it  comes  not  within  the  scope 
of  this  article  to  explain  the  nature  of  the 
prismoidal  correction,  it  may  be  mention- 
ed, as  an  indirect  advantage  of  this  me- 
thod, that  the  correction  can  be  applied 
with  great  ease,  furnishing  a  result  ex- 
actly the  same  as  if  to  each  separate  solid 
had  been  applied  the  prismoidal  formula 
with  the  immense  labor  which  has  driven 
calculators,  generally,  from  exact  work. 
To  do  this,  simply  find  difference  between 


each  distance  belonging  to  each  station, 
and  the  corresponding  distance  belong- 
ing to  the  next,  and  multiply  this  by  the 
difference,  taken  inversely,  between  the 
two  numbers  opposite  in  column  headed 
h—h';  divide  sum  of  these  products  by 
six  and  add  to  column  of  products. 
Thus 

(15-10) (10-5) =25;  (30-30)  [0-(-5)]=0  ; 

etc. 

In  this  example,  the  new  rule  for  sum- 
ming trapezoids  is  applied  in  one  direc- 
tion only.  If  the  cross  sections  were  un- 
equally distant  from  each  other,  the  same 
rule  could  be  advantageously  applied  in 
the  direction  of  base  line,  too,  as  if  the 
cross  sections  themselves  were  merely  or- 
dinates. 

Because  cross-sections  of  earthwork 
are  generally  calculated  by  means  of 
trapezoids,  the"  measurements  in  the  field 
are  commonly  made  from  point  to  point, 
not  from  base  line  to  each  point,  as  shown 
in  borrow-pit  notes  above.  The  latter 
method  is,  however,  more  convenient  and 
less  liable  to  errors.  Often  it  is  used  by 
the  tape-man  to  save  time  and  trouble, 
even  when  he  intends  to  use  ordinary 
method  of  calculation.  He  stands  on 
base  line  and  pays  out  the  tape  to  rod- 
man,  noting  or  announcing  each  distance, 
until  the  length  of  his  tape  or  the  change 
of  level  compels  him  to  take  a  new  posi- 
tion. With  a  hundred  feet  tape,  in 
measuring  above  borrow-pit,  he  need 
never  leave  base  line. 

Rule  B  is  useful  in  earthwork  calcula- 
tions. Let  the  following  illustrate.  It 
is  well  known,  since  the  formula  occurs 
in  several  late  works,  that  the  area  of  the 
ordinary  "three-level"  cross-section  of 
railroad  cut  or  fill,  such  as  shown  in  Fig. 
5,  is 

±w{c  +  sb)-sb2,  (12) 


Fig.  5 


when  to  is  the  width  of  section  between  j  the   half-width 
slope-stakes,  c  is  the  center  cut  or  fill,  b,  |  ratio  of   slope. 


of   roadway,    and  s,   the 
equivalent   to   vertical  -h- 
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horizontal.  But  no  algebraic  formula,  ex- 
cept the  one  to  be  derived  here,  has  ever 
been  given  for  the  case  of  a  cross-section, 
such  as  represented  in  Fig.  6,  whose 
surface  line  has  more  than  one  change 
of  direction.     Merely  the  ordinary  rule, 


directing  to  divide  the  area  into   trape 
zoids  and   triangles,    additive   and   sub- 
tractive,    has    been    employed.     But    a 
formula  for  all  such  cases  can  be  very 
easily  constructed  by  means  of  rule  B. 
Thus,  let   m,  n,  p  represent  the   dis- 


Fie.6. 


tances  of  the  "breaks"  from  grade, 
m',  n',  p',  the  distances  of  same  points 
from  center  line,  r,  I,  the  elevations  of 
slope-stakes  referred  to  grade,  a;  v,  the 
side-widths,  and  c,  b,  s,  as  before.  Draw 
lines,  cr,  cl.  These  represent  surface 
line  of  a  three  level  section,  having, 
otherwise,  same  measurements  as  the  ir- 
regular section.  If,  now,  proceeding  in 
the  direction  of  the  hands  of  a  watch, 
with  origin  of  measurements  at  grade  in 
middle  point  of  roadway,  and  considering 
the  surface  line  of  irregular  section  to  be 
above  the  lines,  Ic,  cr,  we  apply  the  rule 
to  the  polygon,  c  tip  r  c  I  m  c,  the  result 
will  be  its  area  above  the  surface  of  three- 
level  section,  or  the  algebraic  sum  of  all 
the  positive  and  negative  portions.  If 
this  be  added  to  area  of  three-level 
section,  the  sum  is  the  required  area. 
Therefore,  to  expression  (12)  add 

%\n'(c—p)  +p'(n—r)  +x(r—c) 

—v(c—m)—m'(l—c)~].     (13) 

This  sum  is,  since  ic  =  v  +  x, 

%\_o{m  +  sb)  +x(p  +  sb)+m'(c—l)  + 

n'{c—p)+p'{n—r)~]—sb2.     (14). 
From  this  comes  the  following 

Rule  to  find  the  area  of  an  irregular 
cross  section : — 

Multiply  each  side-width  by  the  height 
of  last  break  on  that  side  added  to  s  b. 
To  the  sum  add  the  product  of  the  dis- 
tance of  each  break  from  center  and  the 
difference  in  elevation  of  the  breaks  next 
one  on  each  side,  always  subtracting  the 
one  farther  from  center  from  the  one 
nearer.     Divide  by  2,  and  subtract  sbz. 

No  terms  in  (13),  whose  coefficients  are 
distances  from  center  to  breaks,  are  dis- 


turbed by  the  addition.  Therefore,  how- 
ever many  breaks  there  be,  expression 
(14)  maintains  its  shape.  Hence  the 
rule  is  perfectly  general. 

The  advantages  of  this  rule  are  seen  in 
the  following  statements :' 

The  number  of  terms  in  parenthesis  in 
expression  (14)  is  always  equal  to  the 
number  of  trapezoids  between  surface 
line  and  grade,  into  which  it  is  necessary 
to  divide  the  area,  by  ordinary  method  of 
calculation;  but  the  labor  involved  is 
less. 

Instead  of  computing  the  areas  of  the 
two  outside  triangles  and  subtracting 
them,  as  by  common  method,  the  calcula- 
tor need  only  deduct  the  quantity  sb2, 
which  is  the  same  for  all  the  sections. 

No  diagrams  are  required  to  aid  in  the 
work.  The  field  notes,  kept  according 
to  this  plan,  are  sufficient. 

Rule  A  applies,  more  or  less  approxi- 
mately, to  a  series  of  solids.  The  follow- 
ing illustrates  its  use. 

Cross-sections  on  a  railroad  line  are 
taken,  as  much  as  possible,  at  a  constant 
distance  apart,  generally  100  feet.  But 
at  intervals  these  100  feet  solids  require 
further  subdivision.  Let  Fig.  1  repre- 
sent a  side  view  of  one  of  these  solids. 
D  is  its  length,  100  feet,  Dx,  D2,  etc.,  are 
the  distances  of  intermediate  stations  from 
first  end,  and  a,  b,  c,  etc.,  are  the  areas 
of  cross-sections.  Expression  (2)  now 
represents,  approximately,  the  content  of 
the  whole  100  feet  solid.  This  content 
is  identical  with  that  obtained  by  common 
ride,  which  directs  to  multiply  sum  of 
end  areas  by  half  distance  between  for 
content  of  each  component  solid. 

The    advantages   of    formula    (2)   are 
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here,  as  before,  first,  that  differences 
between  cross-sectional  areas  are  much 
smaller  factors  than  sums  of  these ; 
second,  that  in  calculating  together  the 
areas  of  each  pair  of  cross-sections,  by 
means  of  expressions  (12),  (14),  the  com- 
mon term,  —  sb2  vanishes,  and.  one  or 
more  terms  in  each  contain  a  common 
factor  sb;  and,  third,  that  because  one 
term  of  (2)  has  for  a  coefficient  D,  the 
full  length  of  solid,  this  term  may  be 
used  alone  to  represent  the  content  of 
whole  solid,  which  may  then  be  calcu- 
lated in  one  series  with  all  the  other  100 
feet  solids,  and,  afterwards,  the  remain- 
ing terms  may  be  used  as  a  correction. 

The  last  is  the  chief  advantage.  Its 
value  cannot,  however,  be  appreciated 
without  an  example.  It  enables  us  to 
construct  a  single  formula  for  the  con- 
tent of  any  possible  entire  bank  or  cut- 
ting, whatever  the  variety  in  lengths  of 
component  solids,  and  however  irregular 
the  cross-sections  may  be.  This  com- 
bines the  advantages  of  rule  A  in  both 
directions,  and  eliminates  every  constant 
"term  •  and  factor.  As  in  case  of 
'borrow-pits,  the  prismoidal  correction 
can  be  easily  applied. 

Rule  A  has  many  other  applications  in 
earthwork  calculations.  In  fact,  it  was 
devised  for  that  class  of  computations ; 
and  this  is  the  writer's  excuse  for  exhib- 
iting three  of  its  examples  in  this  article. 
Let  us,  however,  now  turn  to  a  new  field. 

If  for  words,  abscissa,  ordinate,  vertex, 
in  rule  B,  be  substituted  longitude,  lati- 
tude, station,  that  rule  applies  technically 
to  the  case  of  land  surveys. 

Frequently,  perhaps,  the  rule  in  this 
shape  will  be  serviceable  in  surveying. 
The  writer  was  recently  engaged  on  the 
survey  of  a  large  tract  of  coal  land, 
containing  about  one-hundred-and-fifty 
square  miles,  which  belonged  mostly  to 
one  company,  but  was  owned  here  and 
there  _  by  individual  settlers.  The  lati- 
tudes and  longitudes  of  all  the  corners 
were  determined  by  lines  run  in  all 
directions  through  the  woods,  and  were 
tabulated.  Thus,  any  parcel  of  land 
could  be  easily  plotted,  when  wanted,  in 
any  of  the  geological  or  other  maps ; 
while  merely  a  glance  at  the  table  served 
to  indicate  its  position  in  the  district 
When  the  area  of  such  a  piece  was 
required,  it  was  only  necessary  to  pro- 
ceed as  in  the  following  example : 


.2!    Total         Total 
rt  latitude,  longitude. 


Difference 
between 
alternate 
longi- 
tudes. 


Double 
areas. 


.7087 
10020 
8181 
5012 
2873 


94851 

97403 

101369 

103155 

98604 


+1201 
—6518 
—5752 

+2765 
+8304 


8,511,487 
—65,310,360 

—47,057,112 

13,858,180 

i     23,857,392 


Area  in  sq.  ft,  =66,140,413 

If  the  latitudes  were  larger  than  longi- 
tudes, differences  of  latitudes  should  be 
made  the  factors  with  total  longitudes. 

When  the  determination  of  area  is  the 
only  object,  we  may  place  the  origin  in 
most  advantageous  position,  namely,  at  a 
station,  thus  getting  rid  of  one  term; 
and,  instead  of  calculating  the  longitudes 
of  all  stations  and  finding  differences  be- 
tween alternate  ones,  we  may  obtain  the 
same  result  in  simpler  manner  by  adding 
the  departures  of  each  pair  of  adjacent 
courses.  Modified  in  this  way,  the  oper- 
ation becomes  governed  by  rule  C.  whose 
advantages  have  been  already  discussed. 

Determinations  of  areas  from  dia- 
grams, instead  of  numerical  data,  are 
frequently  used.  The  common  case  is 
the  polygon.  Here  rule  B  applies.  Of 
course,  to  reduce  work  as  much  as  possi- 
ble, one  axis  should  be  passed  through 
two  vertices — conveniently,  through  one 
side.  The  importance  of  this  case,  war- 
rants us  in  framing  another  rule  by 
alteration  of  rule  B. 

Rule   D. 

To  determine  the  area  of  a  polygon  in 
diagram : — 

Perpendicular  to  one  side  prolonged^ 
as  base,  draw  ordinates  from  the  vert  ices. 
Multiply  each  ordinate  by  the  distance 
that  the  next  following  ordinate,  as  on 
perimeter,  is  to  the  right  of  next  preced- 
ing ordinate.  The  algebraic  half  sum 
of  these  products  is  the  area. 

This  requires  one  less  distance  to  be 
measured,  and  contains  one  less  terra 
than  the  ordinary  method  of  division 
into  trapezoids.  It  is  simpler  also 
than  the  method  of  division  into 
interior  triangles,  which  is,  perhaps. 
most  commonly  used.  As  an  instance. 
consider  the  pentagon.  By  rule  D.  lay 
a  straight  edge  on  one  side,  and,  sliding 
a  triangle  along  this,  draw  three  perpen- 
diculars.    By  method  of  triangles,  draw 
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two  diagonals  and  three  perpendiculars, 
all  in  different  directions.  Each  method 
requires  the  same  number  of  terms. 

The  "writer  has  noticed  several  isolated 
instances  wherein  the  formula  for  area  of 
polygons  has  been  demonstrated  and 
used  for  special  cases.  The  common 
rule  for  area  of  triangle  is  the  case  of 
formula  (11)  where  the  polygon  has  three 
vertices,  and  one  axis  passes  through 
two.  For  the  case  of  a  triangle,  one 
one  of  whose  vertices  is  at  origin,  Julius 
TVeisbach  derived  in  section  112  of 
Theoretical  Mechanics,  an  expression 
similar  to  formula  (11).  This  enabled 
him  to  frame  a  very  concise  method  for 
determining  centers  of  gravity  of  poly- 
gons. Dr.  "Weisbach,  in  preface  to  first 
edition,  makes  particular  mention  of  this 
section,  together  with  a  few  others,  as 
containing  new  matter  peculiar  to  him- 
self. In  Gillespie's  Roads  and  Rail- 
roads, p.  366,  exists  a  formula  for  area  of 
trapezium  all  of  whose  vertices  are  de- 
termined by  measurements  parallel  with, 
and  perpendicular  to,  one  side.  This 
formula  contains  two  terms  only,  and  is 
the  case  of  formula  (11),  or  more  strictly 
of  rule  D,  when  one  axis  passes  through 
two  vertices.  This  formula  was  devised 
by  E.  M.  Jenkins,  C.  E.,  now  Registrar 
of  Union  College. 

We  are  indebted  to  George  Salmon  for 
a  demonstration  of  formulae  (10)  (11)  for 


all  polygons.  This  occurs  on  some  of 
the  earlier  pages  of  his  Conic  Sections. 

The  following  is  remarkable.  Let  us 
apply  rule  A,  or  its  equivalent,  formula 
(2),  to  a  series  of  trapezoids  of  infinitesi- 
mal lengths — the  differentials  of  any  plane 
area.  The  trapezoids  may  vary  in  length 
to  any  extent.  Thus,  the  abscissa  may 
vary  as  any  function  of  ar,  as  u.  Then 
the  lengths  of  trapezoids  are,  according 
to  position,  the  variable  values  of  du. 
Let  the  coiTesponding  ordinate  vary  as 
any  other  function  of  a*,  as  y.  Now,  all 
the  terms  of  formula  (2),  except  the  last, 
are  represented  by 

\fu\ky-dy)-{y±dy)\--fudy;  (15) 

If  we  ascribe  limits  to  this,  the  expres- 
sion will  represent  the  value  of  those 
terms  for  a  definite  series.  The  last 
term  is,  now, 

\u\{y—dy)  +y]  =uy.  (16) 

To  this  the  same  limits  should  be  as- 
cribed.   The  area  is  the  sum  of  (15),  (16). 

But  it  is  also    /  ydu.    Hence  we  obtain 
fydu=uy—fudy, 

the  well  known  formula  for  integration 
by  parts,  upon  which  so  many  general 
and  special  rules  for  integration  depend. 


A  CONTRIBUTION  TO  THE  HISTORY  OF  ELECTRIC  LIGHTING. 


By  W.  MATTIEL"  WILLIAMS,  F.C.S.,  F.R.A.S. 
From  "  The  Journal  of  Science." 


F  As  the  subject  of  lighting  by  electricity  ( 
is  occiqpying  so  much  public  attention, 
and  the  merits  of  various  inventors  and 
inventions  are  so  keenly  discussed,  the 
following  facts  may  have  some  historical 
interest  in  connection  with  it. 

In  October,  1815,  I  was  consulted  by 
some  American  gentlemen  concerning 
the  construction  of  a  large  voltaic  bat- 
tery for  experimenting  upon  an  inven- 
tion, afterwards  described  and  published 
in  the  specification  of  "King's  Patent 
Electric  Light"  (Letters  Patent  granted 
for  Scotland,  November  26,  1815 ;  en- 
rolled March  25,  1846). 


Mr.  King  was  not  the  inventor,  but  he 
and  Mr.  Door  supplied  capital,  and  Mr. 
Snyder  also  held  a  share,  which  was 
afterwards  transferred  to  myself.  The 
inventor  was  Mr.  Starr,  a  young  man 
about  25  years  of  age,  and  one  of  the 
ablest  experimental  investigators  with 
whom  I  have  ever  had  the  privilege  of 
near  acquaintance. 

He  had  been  working  for  some  years 
on  the  subject,  commencing  with  the 
ordinary  arc  between  charcoal  points. 
His  first  efforts  were  directed  to  main- 
taining constancy,  and  he  showed  me,  in 
January   of    1816,    an    arrangement    by 
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which  he  succeeded  in  effecting  an  auto- 
matic renewal  of  contact  by  means  of  an 
electro-magnet,  the  armature  of  which 
received  the  electric  flow,  when  the  arc 
was  broken,  and  which  thus  magnetized 
brought  the  carbons  together  and  then 
allowed  them  to  be  withdrawn  to  their 
required  separation,  when  the  flow  re- 
turned. This  device  was  almost  identi- 
cal with  that  subsequently  re-invented 
and  patented  by  Mr.  Staite  (quite  inde- 
pendently I  believe),  and  which,  with 
modifications,  has  since  been  rather  ex- 
tensively used. 

Although  successful  so  far,  he  was  not 
satisfied.  He  reasoned  on  the  subject, 
and  concluded  that  the  electric  spark 
between  metals,  the  electric  arc  between 
the  carbons,  and  other  luminous  electric 
j)henomena  are  secondary  efforts  due  to 
the  heating  and  illumination  of  electric 
carriers;  that  the  electric  spark  of  the 
conductors  of  ordinary  electrical  ma- 
chines is  simply  a  transfer  of  incandes- 
cent iDarticles  of  metal,  which  effect  a 
kind  of  electric  convection,  known  as  the 
disruptive  discharge;  and  that  the  more 
brilliant  arc  between  the  carbon  points  is 
simply  due  to  the  use  of  a  substance 
which  breaks  up  more  readily,  and  gives 
a  longer,  broader,  and  more  continuous 
stream  of  incandescent  convection  par- 
ticles. 

This  is  now  readily  accepted,  but  at 
that  time  was  only  dawning  upon  the 
understanding  of  electricians.  I  am 
satisfied  that  Mr.  Starr  worked  out  the 
principle  quite  originally.  He  therefore 
concluded  that,  the  light  being  due  to 
solid  particles  heated  by  electric  disturb- 
ance, it  would  be  more  advantageous — as 
regards  steadiness,  economy,  and  sim- 
plicity— to  place  in  the  current  a  contin- 
uous solid  barrier,  which  should  present 
sufficient  resistance  to  its  passage  to 
become  bodily  incandescent  without 
disruption. 

This  was  the  essence  of  the  invention 
specified  in  King's  Patent  as  "a  commu- 
nication from  abroad,"  which  claims  the 
use  of  continuous  metallic  and  carbon 
conductors,  intensely  heated  by  the 
passage  of  a  current  of  electricity,  for 
the  purpose  of  illumination. 

The  metal  selected  was  platinum, 
which,  as  the  specification  states,  "though 
not  so  fusible  as  iridium,  has  but  little 
affinity  for  oxygen,   and    offers  a  great 


resistance  to  the  passage  of  the  current." 
The  form  of  thin  sheets  known  by  the 
name  of  leaf-platinum  is  described  as 
preferable.  These  to  be  rolled  between 
sheets  of  copper  in  order  to  secure  uni- 
formity, and  to  be  carefully  cut  in  strips 
of  equal  width,  and  with  a  clean  edge,  in 
order  that  one  part  may  not  be  fused 
before  the  other  parts  have  obtained  a 
sufficiently  high  temperature  to  produce 
a  brilliant  light.  This  strip  to  be  sus- 
pended between  forceps. 

I  need  not  describe  the  arrangement 
for  regulating  the  distance  between  the 
forceps,  for  directing  the  current,  &c, 
as  we  soon  learned  that  this  part  of  the 
invention  was  of  no  practical  value,  on 
account  of  the  narrow  margin  between 
efficient  incandescence  and  the  fusion  of 
the  platinum.  The  experiments  with  the 
large  battery  that  I  made — consisting  of 
100  Daniell  cells,  with  2  square  feet  of 
working  surface  of  each  element  in  each 
cell,  and  the  copper-plates  about  f  of  an 
inch  distant  from  the  zinc — satisfied  all 
concerned  that  neither  platinum  nor  any 
available  alloy  of  platinum  and  iridium 
could  be  relied  upon;  especially  when 
the  grand  idea  of  subdividing  the  light 
by  interposing  several  platinum  strips  in 
the  same  circuit,  and  working  with  a 
proportionally  high  power,  was  carried 
out. 

This  drove  Mr.  Starr  to  rely  upon  the 
second  part  of  the  specification,  viz.,  that 
of  using  a  small  stick  of  carbon  made 
incandescent  in  a  Torricellian  vacuum. 
He  commenced  with  plumbago,  and, 
after  trying  many  other  forms  of  carbon, 
found  that  which  lines  gas-retorts  that 
have  been  long  in  use  was  the  best. 

The  carbon  stick  of  square  section, 
about  one-tenth  of  an  inch  thick  and  half 
an  inch  working  length,  was  held  verti- 
cally, by  metallic  forceps  at  each  end,  in 
a  barometer  tube,  the  upper  part  of 
which,  containing  the  carbon,  was  en- 
larged to  a  sort  of  oblong  bulb.  A  thick 
platinum  wire  from  the  upper  forceps 
was  sealed  into  the  top  of  the  tube  and 
projected  beyond;  a  similar  wire  passed 
downwards  from  the  lower  forceps,  and 
dipped  into  the  mercury  of  the  tube, 
which  was  so  long  that  when  arranged  as 
a  barometer  the  enlarged  end  containing 
the  carbon  was  vacuous. 

Considerable  difficulty  was  at  first 
encountered   in   supporting  this   fragile 
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stick.  Metallic  supports  were  not  avail- 
able, on  account  of  their  expansion ;  and, 
finally,  little  cylinders  of  porcelain  were 
used,  one  on  each  side  of  the  carbon 
stick,  and  about  three-eighths  of  an  inch 
distant. 

By  connecting-  the  mercury  cup  with 
one  terminal  of  the  battery,  and  the 
upper  platinum- wire  with  the  other,  a 
brilliant  and  perfectly  steady  light  was 
produced,  not  so  intense  as  the  ordinary 
disruption  arc  between  carbons,  but 
equally  if  not  more  effective,  on  account 
of  the  magnitude  of  brilliant  radiating 
surface. 

Some  curious  phenomena  accompanied 
this  illumination  of  the  carbon.  The 
mercury  column  fell  to  about  half  its 
barometric  height,  and  presently  the 
glass  opposite  the  carbon  stick  became 
slightly  dimmed  by  the  deposition  of  a 
thin  film  of  sooty  deposit. 

At  first,  the  depression  of  the  mercury 
was  attributed  to  the  formation  of  mer- 
curial vapor,  and  is  described  accord- 
ingly in  the  specification;  but  further 
observation  refuted  this  theory,  for  no 
return  of  the  mercury  took  place  when 
the  tube  was  cooled.  The  depression 
was  permanent.  The  formation  of 
vaporous  carbon  was  suggested  by  one 
of  the  capitalists ;  but  neither  Mr.  Starr 
nor  myself  was  satisfied  with  this,  nor 
with  any  other  surmise  we  were  able  to 
make  during  Mr.  Starr's  lifetime,  nor  up 
to  the  period  of  final  abandonment  of  the 
enterprise. 

When  this  occurred,  the  remaining 
apparatus  was  assigned  to  me,  and  I 
retained  possession  of  the  finally  ar- 
ranged tube  and  carbon  for  many  years, 
and  have  shown  it  in  action  worked  by  a 
small  Grove's  battery  in  the  Town  Hall 
of  Birmingham,  and  many  times  to  my 
pupils  at  the  Birmingham  and  Midland 
Institute. 

These  exhibitions  suggested  an  expla- 
nation of  the  mysterious  gaseous  matter, 
which  I  believe  to  be  the  correct  one, 
and  also  of  the  carbon  deposit.  It  is 
this : — That  the  carbon  contains  occluded 
oxygen ;  that  when  the  carbon  is  heated, 
some  of  this  oxygen  combines  with  the 
carbon,  forming  carbonic  oxide  and  car- 
bonic acid,  and  a  little  smoke.  I  proved 
the  presence  of  carbonic  acid  by  the  usual 
tests,  but  did  not  quantitatively  deter- 


mine its  proportion  of  the  total  atmos- 
phere. 

If  I  were  fitting  up  another  tube  on 
this  principle,  I  should  wash  it  with  a 
strong  solution  of  caustic  potash  before 
filling  with  mercury,  and  allow  some  of 
the  potash  solution  to  float  on  the  mer- 
cury surface,  by  filling  the  tube  while 
the  glass  remained  moistened  with  the 
solution.  My  Object  would  be  to  get  rid 
of  the  carbonic  acid  as  soon  as  formed, 
as  the  observations  I  have  made,  lead  me 
to  believe  that — when  the  carbonic  stick 
is  incandescent  in  an  atmosphere  of  car- 
bonic acid  or  carbonic  oxide — a  certain 
degree  of  dissociation  and  re-combination 
is  continually  occurring,  which  weakens 
and  would  ultimately  break  up  the  car- 
bon stick,  and  increases  the  sooty 
deposit. 

The  large  battery  above  described  was 
arranged  for  intensity,  but  even  then  it 
was  found  that  the  quantity  (I  use  the 
old-fashioned  terms)  of  electricity  was 
excessive,  and  that  it  worked  more  ad- 
vantageously when  the  cells  were  but 
partially  filled  with  acid  and  sulphate. 
A  larger  stick  of  carbon  might  have  been 
used  with  the  whole  surface  in  full 
action. 

After  working  the  battery  in  various 
ways,  and  duly  considering  the  merits  of 
the  other  forms  of  battery  then  in  use, 
Mr.  Starr  was  driven  to  the  conclusion 
that  for  the  purposes  of  practical  illumin- 
ation the  voltaic  battery  was  a  hopeless 
source  of  power,  and  that  magneto-elec- 
tric machinery  driven  by  steam-power 
must  be  used.  I  fully  concurred  with 
him  hi  this  conclusion,  so  did  Mr.  King, 
Mr.  Dorr,  and  all  concerned. 

Mr.  Starr  then  set  to  work  to  devise  a 
suitable  dynamo-electric  machine,  and, 
following  his  usual  course  of  starting 
from  first  principles,  concluded  that,  all 
the  armatures  hitherto  constructed  were 
defective  in  one  fundamental  element  of 
their  arrangement.  The  thick  copper- 
wire  surrounding  the  soft  iron  core  nec- 
essarily follows  a  spiral  course,  like  that 
of  a  coarse  screw  thread ;  but  the  electric 
current  or  lines  of  force  which  it  is  de- 
signed to  pick  up  and  carry  circulate  at 
right  angles  to  the  axis  of  the  core,  and 
extend  to  some  distance  beyond  its  sur- 
face. The  problem  thus  presented  is  to 
wind  around  the  soft  iron  a  conductor 
that  shall  be  broad  enough  to  grasp  a 
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large  proportion  of  this  outspread  force, 
and  yet  shall  follow  its  course  as  nearly 
as  possible  by  standing  out  at  right 
angles  to  the  axis  of  the  armature.  This 
he  proposed  to  effect  by  using  a  core  of 
square  section,  and  winding  round  it  a 
broad  ribbon  of  sheet  copper,  insulated 
on  both  sides  by  cementing  on  its  sur- 
faces a  layer  of  silk  ribbon.  This  arma- 
ture to  be  laid  with  one  edge  against  one 
side  of  the  core,  and  carried  on  thus  to 
the  angle;  then  turned  over  so  that  its 
opposite  edge  should  be  presented  to  the 
next  side  of  the  core;  this  side  to  be  fol- 
lowed in  like  manner,  the  ribbon  similarly 
turned  again  at  the  next  corner,  and  so  on 
till  the  core  becomes  fully  enclosed  or 
armed  with  the  continuous  ribbon,  which 
would  thus  encircle  the  core  with  its 
edges  outwards,  and  nearly  at  right  an- 
gles to  the  axis,  in  spite  of  its  width,  which 
might  be  increased  to  any  extent  found 
by  experiment  to  be  desirable. 

At  this  stage  my  direct  co-operation 
and  confidential  communication  with  Mr. 
Starr  ceased,  as  I  remained  in  London 
while  he  went  to  Birmingham,  in  order 
to  get  his  machinery  constructed,  and  to 
apply  it  at  the  works  of  Messrs.  Elking- 
ton,  who  had  then  recently  introduced 
the  principle  of  dynamo-electric  motive- 
power,  electro-plating,  &c,  and  were,  I 
believe,  using  Woolrich's  apparatus,  the 
patent  for  which  was  dated  August  1, 
1842,  and  enrolled  February  1,  1843. 

I  am  unable  to  state  the  results  of  his 
efforts  in  Birmingham.  I  only  heard  the 
murmurs  of  the  capitalists,  who  loudly 
complained  of  expenditure  without  re- 
sults. They  had*  dreamed  the  same 
dream  that  Mr.  Edison  has  recently 
re-dreamed,  and  has  told  the  world  so 
loudly.  They  supposed,  that  the  me- 
chanically-excited current  might  be  car- 
ried along  great  lengths  of  wire,  and  the 
carbons  interposed  where  required,  and 
that  the  same  electricity  would  flow  on 
and  do  the  duty  of  illumination  over  and 
over  again,  as  a  river  may  fall  over  a  suc- 
cession of  weirs  and  turn  water-wheels  at 
each.  Mr.  Starr  knew  better;  his  scepti- 
cism was  misinterpreted ;  he  was  taunted 
with  failure  and  non-fulfillment  of  the 
anticipations  he  had  raised,  and  with  the 
fruitless  expenditure  of  large  sums  of 
other  peojne's  money.  He  was  high- 
minded,  honorable,  and  a  very  sensitive 
man,  suffering  already  from  overworked 


brain  before  he  went  to  Birmingham. 
There  he  worked  again  still  harder,  with 
further  vexation  and  disappointmoijt. 
until  one  morning  he  was  found  dead  in 
his  bed.  Having,  during  my  short 
acquaintance  with  him,  enjoyed  his  full 
confidence  in  reference  to  all  his  investi- 
gations, both  completed  and  incomplete, 
I  have  no  hesitation  in  affirming  that  his 
early  death  cut  short  the  career  of  one, 
who,  otherwise,  would  have  largely  con- 
tributed to  the  progress  of  experimental 
science,  and  have  done  honor  to  his 
country.  His  martyrdom,  for  such  it 
was,  taught  me  an  useful  lesson  I  then 
much  needed,  viz.,  to  abstain  from  enter- 
ing upon  a  costly  series  of  physical 
investigations  without  being  well  as- 
sured of  the  means  of  completing  them, 
and,  above  all,  of  being  able  to  afford  to 
fail. 

There  are  many  others  who  sorely 
need  to  be  impressed  with  the  same 
lesson,  especially  at  this  moment  and  in 
connection  with  this  subject. 

The  warning  is  the  most  applicable  to 
those  who  are  now  misled  by  a  plausible 
but  false  analogy.  They  look  at  the 
progress  made  in  other  things,  the 
mighty  achievements  of  modern  Science, 
and  therefore  infer  that  the  electric  light 
— even  though  unsuccessful  hitherto — 
may  be  improved  up  to  practical  success, 
as  other  things  have  been.  A  great  fala- 
acy  is  hidden  here.  As  a  matter  of  fact, 
the  progress  made  in  electric  lighting 
since  Mr.  Starr's  death,  thirty-one  years 
ago,  has  been  very  small  indeed.  As  re- 
gards the  lamp  itself,  no  progress  what- 
ever has  been  made.  I  am  satisfied  that 
Starr's  continuous  carbon  stick,  properly 
managed  in  a  true  vacuum,  or  an  atmos- 
phere free  from  oxygen,  carbonic  oxide, 
carbonic  acid,  or  other  oxygen  com- 
pound, is  the  best  that  has  yet  been 
j)laced  before  the  public  ftir  all  purposes 
where  exceptionally  intense  illumination 
(as  in  lighthouses)  is  not  demanded.  It 
is  the  steadiest,  the  cheapest,  and  least 
glaring  in  proportion  to  the  amount  of 
light  it  radiates.  It  has  not  been  -•pushed'" 
like  other  devices,  simply  because  it  is 
nobody's  exclusive  property. 

Comparing  electric  with  gas  lighting. 
the  hopeful  believer  in  progressive  im- 
provement appears  to  forget  that  gas 
making  and  gas  lighting  are  as  suscep- 
tible of  further  improvement  as  electric 


302 


van  nostrand's  engineering  magazine. 


lighting,  and  that,  as  a  matter  of  fact,  its 
practical  progress  during  the  last  forty 
years  is  hi  comparably  greater  than  that 
of  the  electric  light.  I  refer  more  par- 
ticularly  to  the  practical  and  crucial 
question  of  economy.  The  by-products, 
the  ammoniacal  salts,  the  liquid  hydro- 
carbons, and  their  derivatives,  have  been 
developed  into  so  many  useful  forms  by 
the  achievements  of  modern  chemistry, 
that  these,  with  the  coke,  are  of  sufficient 
value  to  cover  the  whole  cost  of  manu- 
facture, and  leave  the  gas  itself  as  a 
volatile  residuum  that  costs  nothing.  It 
would  actually  and  practically  cost 
nothing,  and  might  be  profitably  de- 
livered to  the  burners  of  gas  consumers 
(of  far  better  quality  than  now  supplied 
in  London)  at  one  shilling  23er  thousand 
cubic  feet,  if  gas  making  were  conducted 
on  sound  commercial  principles, — that  is, 
if  it  were  not  a  corporate  monopoly,  and 
were  subject  to  the  wholesome  stimulating 
influence  of  free  competition  and  private 
enterprise.  As  it  is,  our  gas  and  the 
price  we  pay  for  it  are  absurdities,  and 
all  calculations  respecting  the  compara- 
tive cost  of  new  methods  of  illumination 
should  be  based  not  on  what  we  do  pay 
per  candle-power  of  gas-light,  but  what 
we  ought  to  pay  and  should  pay  if  the 
gas  companies  were  subjected  to  desir- 
able competition,  or  visited  with  the 
national  confiscation  I  consider  they 
deserve. 

Having  had  considerable  practical  ex- 
perience in  the  commercial  distillation  of 
coal  for  the  sake  of  its  .liquid  and  solid 
hydrocarbons,  I  speak  thus  plainly  and 
with  full  confidence. 

There  is  yet  another  consideration, 
and  one  of  vital  importance,  to  be  taken 
into  account,  viz.,  that — whether  we  use 
the  electric  light  derived  from  a  dynamo- 
electric  source,  or  coal-gas — our  primary 
source  of  illuminating  power  is  coal,  or 
rather  the  chemical  energy  derivable 
from  the  combination  of  its  hydrogen 
and  carbon  with  oxygen.  Now  this 
chemical  energy  is  a  limited  quantity, 
and  the  progress  of  Science  can  no  more 
increase  this  quantity  than  it  can  make  a 
ton  of  coal  weigh  21  cwts.  by  increasing 
the  quantity  of  its  gravitating  energy. 

The  demonstrable  limit  of  scientific 
possibilities  is  the  economical  applica- 
tion of  this  limited  store  of  energy,  by 
converting  it  into  the  demanded  form  of 


force  without  waste.  The  more  indirect 
and  roundabout  the  method  of  applica- 
tion, the  greater  must  be  the  loss  of 
power  in  the  comse  of  its  transfer  and 
conversion.  In  heating  the  boiler  that 
sets  the  dynamo-electric  machine  to 
work,  about  one-half  the  energy  of  the 
coal  is  wasted,  even  with  the  best  con- 
structed furnaces.  This  merely  as  re 
gards  the  quantity  of  water  evaporated. 

In  converting  the  heat  force  into 
mechanical  power — raising  the  piston, 
&c,  of  the  steam-engine — this  working- 
half  is  again  seriously  reduced.  In 
further  converting  this  residuum  of  me  ■ 
chanical  power  into  electrical  energy,  a 
further  and  considerable  loss  is  suffered 
in  originating  and  sustaining  the  motion 
of  the  dynamo-electric  machine  in  the 
dissipation  of  the  electric  energy  that  the 
armature  cannot  pick  up,  and  in  over- 
coming the  electrical  resistances  to  its 
transfer. 

I  am  unable  to  state  the  amount  of 
this  loss  in  trustworthy  figures,  but 
should  be  very  much  surprised  to  learn 
that,  with  the  best  arrangements  now 
known,  more  than 
original  energy  of 
practically  available, 
inating  residuum  may,  and  doubtless 
will,  be  increased  by  the  progress  of 
practical  improvement ;  but,  from  the 
necessary  nature  of  the  problem,  the 
power  available  for  illumination  at  the 
end  of  the  series  must  always  be  but  a 
small  portion  of  that  employed  at  the 
beginning. 

In  burning  the  gas  derived  from  coal, 
we  obtain  its  illuminating  power  directly, 
and  if  we  burn  it  properly  we  obtain 
nearly  all.  The  coke  residuum  is  also 
directly  used  as  a  source  of  heat.  The 
chief  waste  of  the  original  energy  in  the 
gas-works  is  rejDresented  by  that  portion 
of  the  coke  that  is  burned  under  the  re- 
torts, and  in  obtaining  the  relatively 
small  amount  of  steam-power  demanded 
in  the  works.  These  are  far  more  than 
paid  for  by  the  value  of  the  liquid  hydro- 
carbons and  the  ammonia  salts,  when 
they  are  properly  utilized. 

In  concluding  my  narrative  I  may  add, 
that,  after  Mr.  Starr's  death,  the  paten- 
tees offered  to  engage  me  on  certain 
terms  to  carry  on  his  work.  I  declined 
this,  simply  because  I  had  seen  enough 
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to  convince  me  of  the  impossibility  of 
any  success  at  all  corresponding-  to  their 
anticipations.  During  the  intervening 
thirty  years,  I  have  abstained  from 
further  meddling  with  the  electric  light, 
because  all  that  I  had  seen  then,  and 
have  heard  of  since,  has  convinced  me 
that — although  as  a  scientific  achieve- 
ment the  electric  light  is  a  splendid  suc- 
cess— its  practical  application  to  all  pur- 
poses where  cost  is  a  matter  of  serious 
consideration  is  a  complete  and  hopeless 
failure,  and  must  of  necessity  continue 
to  be  so. 


Whoever  can  afford  to  pay  some 
shillings  per  hour  for  a  single  splendid 
light  of  solar  completeness  can  have  it 
without  difficulty,  but  not  so  where  the 
cost  in  pence  per  hour  per  burner  have 
to  be  counted. 

I  should  add  that  before  the  publica- 
tion of  King's  specification,  Mr.  (now  Sir 
William)  Grove  proposed  the  use  of  a 
helix  or  coil  of  platinum,  made  incandes- 
cent by  electricity,  as  a  light  to  be  used 
for  certain  purposes.  This  was  shown 
at  the  Royal  Society  on  or  about 
December  1st,  1845. 
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Probably  the  most  remarkable  contri- 
bution to  modern  science  that  the  present 
year  has  witnessed  is  the  paper  "  On  the 
Illumination  of  Lines  of  Molecular  Press- 
ure, and  the  Trajectory  of  Molecules,"  by 
Mr.   W.   Crookes,  F.R.S.,    read    at   the 
meeting  of  the  Royal  Society,  on  Dec.  5. 
It  is  not  unknown  to  our  readers   that 
Mr.  Crookes  has  been  engaged  for  many 
years  in  the  study  of  molecular  physics, 
the  radiometer  being  one  of  the  results 
of  that  study,  and,  as  it  has  turned  out, 
a  means  to  more  important  discoveries. 
Last  year  Pictet  and  Cailletet  solidified 
what   were    known    as    the    permanent 
gases,  and  now  Mr.  Crookes  has  demon- 
strated the  fact  that,  under  certain  con- 
ditions, gases  may  become  so  far  changed, 
both  in  physical  constitution  and  proper- 
ties, as  to  form  a  fourth  state  of  matter. 
At  least  the  distinguished  assembly  be- 
fore whom  he  performed  his  experiments 
can  have  no  doubt  that,  just  as  below  the 
gaseous    state   there   is   the   liquid   and 
the  solid,  so  above  the  liquid  there  is  the 
gaseous  and  the  ultra-gaseous,  or  ethereal. 
Mr.  Crookes  has  not  arrived  at  this  im- 
portant discovery  per  saltutn,  and  he  was 
not  surprised  when  he  found  means  of 
demonstrating  the  truth  of  an  hypothesis 
he  has  more  than  once  shadowed  out  in 
papers  on  the  radiometer.     In  his  latest 
paper  he  commences  by  referring  to  his 
examination  of  the  dark  space  which  ap- 
pears round  the  negative  pole'  of  an  or- 
dinary vacuum  tube  when  a  spark  from 


an    induction   coil    is    passed    through. 
This   space   has    been    examined    many 
times,  under   differing    conditions ;    and 
Mr.   Crookes  has  been  able  to  arrive  at 
several  propositions.     Thus,  the  setting- 
up,    by  electrical  means,   of   an   intense 
molecular  vibration  in  a  disc  of  metal  ex- 
cites   a    molecular    disturbance,    which 
affects  the  surface  of  the  disc  and  the 
surrounding  gas.     With  a  dense  gas  the 
disturbance  extends  a  short  distance  only 
from  the  metal ;  but  as  rarefaction  con- 
tinues, the  layer  of  molecular  disturbance 
increases  in  thickness.    In  air,  at  a  press- 
ure of  .078  mm.,  it  extends  for  at  least 
18  mm.  from  the  surface  of  the  disc,  and 
forms  an  oblate  spheroid  around  it.    The 
diameter  of  this  dark  space  varies  with 
the  degree  of  exhaustion,  the  kind  of  gas, 
the   temperature   of   the   negative   pole, 
and,  to  a  slight  extent,  with  the  intensity 
of  the  spark.     It  is  greatest  in  hydrogen. 
and  least  in  carbonic  acid,  as  compared 
with  air  under  equal  degrees  of  exhaus- 
tion.    The  shape   and  size  of  this  dark 
space  do  not  vary  with  the  distance  sep- 
arating the  poles,  nor — except  slightly — 
with  alteration  of  battery  power,  or  in- 
tensity  of   spark.     When  the   power   is 
great,  the  brilliancy  of  the  other  parts  of 
the   tube    overpowers   the    dark    space. 
rendering  it  difficult  of  observation.     To 
determine  whether  this  visible  layer  of 
molecular   disturbance  is  identical  with 
the  invisible  layer  of  molecular  pressure 
or  stress,  Mr.  Crookes  has  made  manv  ex- 
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periments,  one  of  which  is  accomplished 
by  the  aid  of  the  electrical  radiometer. 
An  ordinary  radiometer,  with  aluminium 
discs  (coated  on  one  side  with  a  film  of 
mica)  for  vanes  is  constructed  in  such  a 
manner  that  an  electrical  current  can  be 
passed  through  the  fly.  Instead  of  a 
glass  cup  the  fly  is  supported  on  a  hard 
steel  cup,  and  the  needle-point  on  which 
it  works  is  connected,  by  means  of  a  wire, 
with  a  platinum  terminal  sealed  into  the 
glass.  At  the  top  of  the  bulb  a  second 
terminal  is  sealed  in,  and  the  radiometer 
can  therefore  be  connected  to  an  induc- 
tion coil  in  such  a  manner  that  the  mova- 
ble fly  becomes  the  negative  pole.  When 
connected  with  the  coil  a  halo  of  velvety 
violet  light  is  seen  on  the  metallic  side 
of  the  vanes,  the  mica  side  remaining 
dark.  As  the  pressure  increases  a  dark 
space  begins  to  separate  the  violet  halo 
from  the  metal,  and  at  a  pressure  of 
,5mm.  it  extends  to  the  glass,  and  posi- 
tive rotation  commences.  On  increas- 
ing the  exhaustion  the  dark  space  widens 
out,  and  appears  to  flatten  itself  against 
the  glass,  the  rotation  becoming  very 
rapid.  Somewhat  similar  effects  are  wit- 
nessed when  aluminium  cups  are  used  in- 
stead of  discs  for  the  vanes,  the  dark 
space  retaining  the  shape  of  the  cup  al- 
most exactly.  The  bright  margin  of  the 
dark  space  becomes  concentrated  at  the 
concave  side  of  the  cup  to  a  luminous 
focus,  and  widens  out  at  the  convex  side, 
touching  the  glass  as  the  exhaustion  is 
increased,  when  rotation  commences,  and 
becomes  very  rapid  as  the  dark  sjDace 
further  increases  in  size.  This  converg- 
ence of  the  hues  of  force  to  a  focus  at- 
tracted special  attention,  and  another  in- 
strument, having  the  cup-shaped  negative 
pole  fixed,  was  devised  for  the  examina- 
tion of  the  phenomena,  one  of  which  was 
of  an  entirely  novel  and  highly  interest- 
ing nature.  At  very  high  exhaustions 
(those  known  as  "  Crookes'  vacua,"  meas- 
ured by  a  few  millionths  of  an  atmos- 
phere) the  dark  space  becomes  so  large  I 
that  it  fills  the  tube.  The  dark  violet ! 
focus  is  still  visible  to  the  careful  ob- 1 
server;  but  the  rays  diverging  from  this 
focus  produce  upon  the  part  of  the  glass 
where  they  fall  a  spot  of  greenish-yellow  ; 
light.  If  now  a  more  perfect  vacuum  is  I 
obtained,  the  whole  bulb  becomes  illu-  i 
minated  with  a  beautiful  phosphorescent 
light,  which  is  greenish-yellow  because  of  j 


the  peculiar  composition  of  the  soft  Ger 
man  glass  used  in  the  experiments. 
Other  qualities  of  glass  give  other  colors, 
the  phosphorescence  being  due  to  the 
fact  that  the  gaseous  molecules  are  prac- 
tically unimpeded  in  their  movements, 
and  impinge  upon  the  glass  with  suffi- 
cient velocity  to  produce  light,  which  is 
distinguished  from  the  ordinary  light  of 
vacuum  tubes  by  .the  following  charac- 
teristics: The  green  focus  cannot  be 
seen  in  the  space  of  the  tube,  but  only 
where  the  projected  beam  strikes  the 
glass.  The  position  of  the  positive  pole 
makes  scarcely  any  difference  to  the  di- 
rection and  intensity  of  the  lines  of  force 
producing  the  green  light.  The  spectrum 
is  a  continuous  one,  most  of  the  red  and 
the  higher  blue  rays  being  absent,  while 
the  spectrum  of  the  light  observed  in  the 
tube  at  lower  exhaustions  is  characteris 
tic  of  the  residual  gas.  No  difference 
can  be  detected  in  the  green  light  by 
spectrum  examination,  whether  the  resi- 
dual gas  be  nitrogen,  hydrogen,  or  car- 
bonic acid.  The  green  phosphorescence 
commences,  besides,  at  a  different  .degree 
of  exhaustion  in  different  gases.  The 
viscosity  of  a  gas  is  almost  as  persistent 
a  characteristic  of  its  individuality  as  its 
spectrum;  but  Mr.  Crookes  finds  that 
when  the  spectral  and  other  characteris- 
tics of  the  gas  begin  to  disappear,  the 
viscosity  also  commences  to  decline,  and 
at  an  exhaustion  at  which  the  green 
phosphorescence  is  most  brilliant  the  vis- 
cosity has  sunk  to  an  insignificant 
amount.  The  rays  exciting  green  phos- 
phorescence will  not  turn  a  corner  in  the 
slightest  degree,  but  radiate  from  the 
negative  pole  in  straight  lines,  casting 
strong  and  sharply-defined  shadows  from 
objects  which  happen  to  be  in  their  path. 
On  the  contrary,  the  ordinary  lumines- 
cene  of  vacuum  tubes  will  travel  hither 
and  thither  along  any  number  of  curves 
and  angles.  By  means  of  beautifully 
constructed  specimens  of  ingenious  ap- 
paratus Mr.  Crookes  exhibited  the  pro- 
jection of  molecular  shadows,  and  de- 
monstrated that  they  were  molecular,  not 
optical,  although  rendered  apparent  by 
optical  appliances.  From  a  consideration 
of  the  results  of  his  experiments  he  ad- 
vances the  theory  that  the  induction 
spark  illuminates  the  lines  of  molecular 
pressure  caused  by  the  electrical  excite- 
ment of  the  negative  pole,  and  he  gives 
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the  following  explanation:  "The  thick- 
ness of  the  dark  space  is  the  measure  of 
the  mean  length  of  the  path  between  suc- 
cessive collisions  of  the  molecules.  The 
extra  velocity  with  which  the  molecules 
rebound  from  the  excited  negative  pole 
keeps  back  the  more  slowly  moving  mole- 
cules which  are  advancing  towards  the 
pole.  The  fight  occurs  at  the  boundary 
of  the  dark  space  where  the  luminous 
margin  bears  witness  to  the  energy  of 
the  collisions  of  the  molecules.  When 
the  exhaustion  is  sufficiently  high  for  the 
mean  length  of  path  between  successive 
collisions  to  be  greater  than  the  distance 
between  the  electrode  and  the  glass,  the 
swiftly '  moving  rebounding  molecules 
spend  their  force,  in  part  or  in  whole,  on 
the  sides  of  the  vessel,  and  the  produc- 
tion of  light  is  the  consequence  of  this 
sudden  arrest  of  velocity." 

"We  have  not  space  to  give  an  account, 
even  in  outline,  of  all  the  experiments 
and  all  the  phenomena  which  Mr.  Crookes 
describes  in  his  paper,  nor  is  it  necessary, 
as  it  is  sure  to  find  its  way  into  the  hands 
of  all  students  of  physics.  The  theory 
propounded  at  the  conclusion  is,  how- 
ever, as  we  have  said,  one  of  the  most  re- 
markable discoveries  of  modern  times, 
involving  as  it  does  the  demonstration  of 
a  fourth  state  of  matter.  The  modern 
idea  of  the  gaseous  state — the  kinetic 
theory  of  gases — is  that  a  given  space 
contains  millions  of  millions  of  molecules 
in  rapid  motion  in  all  directions,  each 
having  millions  of  encounters  in  a  sec- 
ond. In  such  a  supposition  the  length 
of  the  mean  free  path  of  the  molecules  is 
exceedingly  small  as  compared  with  the 
dimensions  of  the  vessel,  and  the  con- 
ditions are  such  that  the  constant  colli- 
sions, which  are  the  essential  element  of 
the  gaseous  state,  can  occur.  But,  under 
high  degrees  of  exhaustion  the  free  path 
is  made  so  long  that  the  number  of  col- 
lisions in  a  given  time  is  small  compared 
to  the  number  of  misses,  and  the  average 
molecule  being  allowed  to  obey  its  own 
motions  without  interference,  the  proper- 
ties constituting  gaseity  are  reduced  to  a 
minimum,  and  the  matter  becomes  exalt- 
ed to  an  ultra-gaseous  state,  in  which 
phenomena  are  seen,  hitherto  unknown 
and  at  present  not  comprehended.  The 
phenomena  discovered  by  Mr.  Crookes  in 
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his  exhausted  tubes  reveal  to  physical 
science  a  new  world — a  world  where,  for 
instance,  the  corpuscular  theory  of  light 
holds  good,  and  where  light  does  not  al- 
ways move  in  straight  lines,  but  where 
"we  can  never  enter,  and  in  which  we 
must  be  content  to  observe  and  experi- 
ment from  the  outside."  Perhaps  the 
most  astonishing  of  the  many  experi- 
ments performed  by  Mr.  Crookes  is  that 
in  which  he  showed  that  great  heat  is 
evolved  when  the  concentrated  focus  of 
rays  from  an  aluminium  cup  is  deflected 
sideways  to  the  walls  of  the  glass  tube 
by  a  magnet.  The  heat  is  sufficient  to 
fuse  platinum,  but  in  the  experiment 
shown  at  the  Royal  Society,  to  avoid  de- 
stroying the  apparatus,  a  luminous  spot 
of  incandescence  was  made  to  travel  over 
the  platinum  foil  by  applying  the  magnet 
in  different  positions.  This  experiment 
was  suggested  by  the  discovery,  while 
examining  the  green  phosphorescent 
light  produced  by  the  focus  of  concen- 
trated rays,  that  the  glass  tube  at  that 
spot  became  so  hot  as  to  bum  the  finger. 
Thus  again  at  the  end  of  the  year  we 
have  to  announce  a  great  advance  in 
physical  science. 


The  Belgian  State  Railroads,  though 
increasing  in  mileage  and  in  equipment, 
make  smaller  and  smaller  profits  per 
train  mile  and  per  mile  of  road.  The 
proportion  of  expenses  to  receipts  is  much 
greater  than  formerly.  Some  time  ago 
several  railroads  were  leased  for  fifty  per 
cent,  of  their  gross  earnings,  thinking 
that  it  was  a  fair  bargain.  Since  then 
the  expenses  of  its  whole  system,  of 
which  these  leased  roads  are  generally 
the  less  important  parts,  have  one  year 
been  up  to  sixty-eighth  per  cent.,  and 
they  seem  unlikely  again  to  be  as  low  as 
sixty  per  cent.  The  Government  roads 
seem  to  be  extraordinarily  well  stocked, 
for  there  are  1066  locomotives  and  33.395 
cars  of  all  kinds  for  the  1339  miles  of 
road.  It  is  hard  to  believe  that  there  are 
not  more  than  are  necessary;  for  while 
the  locomotives  made  an  average  mileage 
of  24,009  miles  in  1872,  they  made  but 
18,588  in  1877,  the  number  having  in- 
creased in  that  time  from  638  to  1066. 

—  The  Engineer. 
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THE  STABILITY  OF  DOCK  WALLS. 

By  ROMILLY  ALLEN,  A.  I.  C.  E. 
Contributed  to  Van  Nostrand's  Magazine. 


In  a  paper  read  before  the  Edinburgh 
and  Leitk  Engineers'  Society  on  the  5th 
of  February,  Mr.  Eoniilly  Allen,  A.I.C.E., 
gave  the  following  particulars  of  a  new 
method  of  calculating  the  stresses  on 
a  Dock  Wall : 

The  forces  tending  to  displace  a  Dock 
Wall  are: 

Firstly.  A  Pressure  of  Water,  acting 
normally  to  the  face,  and  tending  to 
push  it  backwards. 

Secondly.  A  Thrust  of  Earth,  acting  in 
a  direction  parallel  to  the  surface  of  the 
ground,  tending  to  push  it  forwards. 

Thirdly.  The  weight  of  the  Masonry 
and  of  the  Earth  supported  on  the  step- 
ping behind,  tending  to  pull  it  vertically 
downwards. 

Since  the  wall  is  required  to  stand 
when  the  dock  is  empty,  the  pressure  of 
the  water  will  be  neglected  as  being  an 
element  of  safety  when  the  dock  is  full. 

The  portion  of  the  wall  dealt  with  in 
the  following  investigation  is  a  cross 
section  of  one  foot  in  length. 

The  weight  of  the  wall  acts  through 
its  center  of  gravity,  which  is  found 
thus  : 

Cut  out  the  cross  section  in  thick 
drawing  paper  of  uniform  texture. 
Mark  a  vertical  line  on  a  drawing-board 
placed  upright,  by  means  of  a  plumb 
bob.  Hang  up  the  section  against  the 
board  by  a  pricking  point  stuck  through 
one  corner,  and  let  it  swing.  When  it 
has  come  to  rest,  mark  where  the  vertical 
line  cuts.  Repeat  the  process  and  join 
the  points  so  found  with  the  respective 
points  of  suspension.  The  intersection 
of  the  lines  will  be  the  center  of  gravity 
required.  With  a  section  drawn  to  a 
scale  of  J  inch  to  the  foot  (which  is  a 
convenient  size)  the  center  of  gravity, 
without  the  error  of  deviation  from  the 
true  position  exceeding  one  inch  in  mag- 
nitude. If  the  weight  of  the  earth, 
which  rests  on  the  stepping  behind  the 
wall,  is  taken  into  account,  its  center  of 
gravity  must  also  be  foiuid  in  the  same 
way  and  the  center  of  gravity  of  the 
compound  mass  of  earth  and  masonry  be 
deduced  therefrom. 


The  most  convenient  unit  of  weight  to 
take  is  that  of  1  cubic  foot  of  masonry, 
as  the  number  of  square  feet  in  the 
cross  section  will  then  represent  the 
weight  of  the  wall  per  foot  forward. 
The  earth  thrust  has  now  to  be  con- 
sidered. 

Its  center  of  pressure  is  at  a  point  J  of 
the  height  from  the  bottom.  The 
amount  of  the  earth  thrust  (cohesion 
being,  neglected)  depends  on  the  angle 
of  repose  of  the  soil,  but  the  greatest 
value  that  it  can  ever  attain  is  when  the 
earth  becomes  saturated  with  water,  and 
assumes  a  semi-fluid  condition.  The 
pressure,  in  this  case,  exerted  against 
the  back  of  the  wall  is  equal  to  that 
which  would  be  produced  by  a  fluid  of 
the  same  specific  gravity  as  the  earth,  or 

where  w  =  weight  of  1  cubic  foot  of  earth 
h  =  height  of  wall. 

But  the  unit  of  weight  adopted 'above, 
was  1  cubic  foot  of  masonry,  and  if  the 
ratio  of  the  weight  of  earth  to  that  of 
masonry  be  taken  as  4  to  5,  then 


where 


T=ixi  wtf=%  wh* 

w= weight    1    cubic 
masonry. 


foot    of 


Now  this  is  a  definite  maximum '  value 
for  the  earth  thrust  which  can  under  no 
circumstances  be  exceeded. 

All  other  thrusts  due  to  different  angles 
of  repose  are  therefore  taken  as  fractions 
of  the  pressure  produced  by  earth  in  a 
fluid  condition,  or  what  may  be  termed 
the  Mud  Thrust. 

A  scale,  the  use  of  which  will  be  here- 
after explained,  should  be  constructed 
from  the  following  table,  in  which  the 
maximum  thrust  is  taken  at  1.000  and  all 
others  as  fractions  of  it. 

{See  Table  on  following  page.) 

The  different  values  for  the  thrusts  of 
earth  given  in  the  table  are  calculated 
from  the  well  known  formula 
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Angle  of  Repose. 

Thrust  of  Earth. 

0° 

1.000 

5° 

0.839 

103 

0.704 

15° 

0.588 

20° 

0.490 

25° 

0.405 

30° 

0.333 

35° 

0.271 

403 

0  217 

45° 

0.172 

50° 

0.132 

60° 

0.071 

70° 

0.031 

80° 

0.007 

90° 

0.000 

T=iw1A2tan2.(45°-i^) 
where  <£>= angle  of  repose. 

The  use  of  the  scale,  as  applied  to 
finding  the  stresses  on  a  dock  wall  will 
now  be  explained. 

The  stability  of  the  wall  depends  on 
the  position  of  the  point  where  the 
resultant  of  the  earth  thrust  and  the 
weight  of  the  masonry  cuts  the  base. 
This  point  is  called  the  Center  of  Resist- 
ance of  the  base,  and  its  position  will 
vary  according  to  the  amount  of  the 
earth  thrust. 

The  •  center  of  resistance  will  be 
furthest  away  from  a  line  drawn  verti- 
cally through  the  center  of  gravity  of  the 
wall,  when  the  earth  thrust  is  greatest, 
and  having  once  ascertained  the  position 
of  the  center  of  resistance  corresponding 
to  the  maximum  earth  thrust,  the  scale 
will  enable  us  to  find  at  once  the  position 
of  the  center  of  resistance  due  to  a  thrust 
of  earth  of  any  required  angle  of  repose. 

First  then  to  find  the  center  of  resist- 
ance for  the  maximum  earth  thrust.  The 
usual  method  is  to  represent  the  weight 
of  the  wall  to  some  scale,  chosen  at 
random,  on  the  line  passing  vertically 
through  the  center  of  gravity,  measuring 
downwards  from  a  point  \  of  the  height 
up.  This  gives  a  point,  either  below  or 
above  the  base,  from  which  a  horizontal 
line  is  drawn  to  represent  the  earth 
thrust  and  the  end  of  it  joined  with  the 
point  \  of  the  height  up ;  thus  complet- 
ing the  triangle  of  forces,  and  the  inter- 
section of  the  resultant  with  the  base  is 
the  required  center  of  resistance.  If, 
however,  the  weight  of  the  wall,  instead 
of  being  represented  to  a  scale  chosen  at 
random,  be  represented  to  a  scale,  such 


that  according  to  it  the  weight  of  Ha- 
waii =^j  of  the  height,  then  the  side  of 
the  triangle  of  forces  representing  the 
earth  thrust  will  coincide  with  the  base, 
and  if  the  length  of  this  side,  to  the  same 
scale  be  known,  then  the  position  of  the 
center  of  resistance  on  the  base  will  be 
found  without  any  further  lines  of  con- 
struction. In  order  to  find  the  required 
scale,  let 

A = sectional  area  of  wall  in  square  feet. 
h = height  of  wall 
Now  by  supposition 

for  A  represents  the  weight  of  masonry 
per  foot  run 

.•.   1  cubic  foot  of  masonry=^.-7  =w 

A. 

But  max.  earth  thrust =f?oA2 
.-.  Max.  earth  thrust— AXt 

which  gives  the  following  rule  for  finding 
the  position  of  the  center  of  resistance 
due  to  earth  in  a  fluid  state.  Take  the 
height  in  feet.  Cube  it  and  divide  it  by 
the  number  of  square  feet  in  the  cross 
section.  Multiply  the  quotient  by  ^T 
which  will  give  the  distance  in  feet  of 
the  center  of  resistance  from  the  point  in 
the  base  lying  vertically  under  the  center 
of  gravity  of  the  section.  The  centers 
of  resistance  due  to  earth  possessing  dif- 
ferent angles  of  repose  are  found  by 
dividing  up  the  distance  obtained  as 
above,  in  the  same  proportion  as  the 
divisions  of  the  scale  of  earth  thrusts, 
previously  described.  This  is  effected  by 
parallel  lines  as  shown  on  the  diagram. 

In  conclusion  the  new  method  will  be 
applied  to  a  practical  example  designed 
by  Mr.  A.  M.  Eendel,  M.I.C.E.— the  waU 
of  the  Victoria  Dock  Extension,  near 
London,  perhaps  the  largest  work  in  the 
world  which  has  been  constructed  in 
concrete. 

A  section  of  this  wall  appeared  in  En- 
gineering, March  29.  1878.  and  is  here 
reproduced. 

In  this  example  in  question 

A  =455. 5  square  feet     h  =  37  feet. 
Max.  earth  thrust      )       2 
measured  along  base  ^  = 
to  required  scale     ) 

*=  14  feet  10  inches 


37s 
15'  455.5 


30S 
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Measure  off  the  distance  thus  obtained 
along  the  base  from  a  point  lying  verti- 
cally under  the  center  of  gravity  of  the 
section,  which  gives  the  position  of  the 
center  of  resistance  due  to  earth  in  a 
fluid  state. 

To  find  the  other  centers  of  resistance 
for  the  different  angles  of  repose,  place 
the  scale  of  earth  thrusts  with  one  end  on 
the  point  in  the  base  lying  vertically 
under  the  center  of  gravity  and  inclined 
at  any  convenient  angle  to  it. 


Draw  parallel  lines  as  shown  on  the 
diagram. 

The  resi"0t  of  the  investigation  is  as 
follows : 

Earth  in  a  fluid  condition  would  more 
than  overthrow  the  wall,  and  would  cause 
the  center  of  resistance  to  fall  5'. 6"  be- 
yond the  toe. 

Earth,  whose  angle  of  repose  is  15° 
would  just  overthrow  the  wall. 

Earth,  whose  angle  of  repose  is  30° 
would  keep  the  center  of  resistance  with- 


TPIE    CENTER   LINE   OF   THE   ST.    GOTHARD   TUNNEL. 


309 


in  the  safe  limit  of  deviation  of  \ 


the 


breadth  of  the  base  from  the  center  of 
the  base. 

Earth,  whose   angle  of  repose  is  40° 


would  keep  the  center  of  resistance  with- 
in the  middle  third  of  the  breadth  of  the 
base,  and  there  would  be  no  tension  in 
the  masonry  at  any  point. 


MEANS  ADOPTED  FOR  RANGING  THE  CENTER  LINE  OF  THE 

ST.  GOTHARD  TUNNEL. 

By  C.  DOLEZALEK,  Section-Engineer  of  the  St.  Gothard  Railway. 
From  "Zeitschrift  des  Architekten-und  Ingenienr  Vereins  zu  Hannover,"  published  by  Inst,  of  Civil  Engineers. 


The  axis  of  the  St.  Gothard  tunnel  is  a 
straight  line  about  9^  miles  long,  with 
rising  gradients  of  1  in  172  and  1  in 
1,000  respectively  from  both  ends  to- 
wards its  center.  At  its  extremities,  viz. 
in  Goschenen  and  Airolo,  observatories 
were  erected,  distant  585  and  358  meters 
respectively  from  the  tunnel  portals,  in 
which  were  set  up  the  transit  instru- 
ments previously  used  in  laying  out  the 
Mont  Cenis  tunnel. 

The  direction  of  the  center  line  is 
given  from  the  observatory  at  night  by  a 
lamp  placed  over  that  point  in  it,  inside 
the  tunnel,  which  can  be  accurately  ob- 
served directly,  its  ranging  being  thence 
produced  by  a  theodolite  as  far  as  the 
heading  permits.  A  direct  observation 
as  far  into  the  tunnel  as  possible  is 
therefore  of  the  greatest  importance, 
and  to  obtain  this  as  well  as  longer 
station  lengths  for  the  ranging  in  the 
interior  of  the  tunnel,  the  Author  de- 
vised the  contrivances  which  form  the 
subject  of  this  Paper. 

In  1875,  to  allow  the  signal  to  be 
shown  at  the  right  moment  to  the  ob- 
server, telegraphic  communication  was 
established  between  the  tunnel  portal 
and  the  observatory,  in  both  of  which 
batteries  with  Morse's  instruments  were 
set  up,  while,  in  the  unfinished  tunnel 
itself,  a  wire  was  joined  on  by  the  use  of 
portable  field  telegraphs. 

As  petroleum  lamps  with  a  bright 
flame  proved  far  superior  to  common 
miners'  lamps  for  signalling  at  long 
distances,  the  Author  constructed  one 
with  the  brilliant-burner  ("Kundbren- 
ner")  of  Schuster  and  Baer  of  Berlin, 
which  gave  on  trial  1.8  time  better  illu- 
mination than  the  ordinary  petroleum 
lamp.     This  burner  has  a  double  set  of 


pinions  moving  two  half  wicks  with  the 
greatest  regularity,  and  is  screwed  on  to 
a  large  metal  vessel  having  what  is  called 
a  "double- vase  ring."  As  this  allows 
petroleum  to  be  afterwards  poured  in 
without  unscrewing  the  wick-holder,  the 
centering  of  the  lamp  (over  any  station) 
is  not  thrown  out  during  the  whole 
period  of  its  use,  since  the  openings  in 
the  two  rings  can  be  made  to  coincide  or 
not,  at  will.  The  vessel  is  now  leveled 
on  a  movable  bronze  tripod,  their  centers 
being  made  accurately  to  coincide.  This 
concentric  position  is  in  the  first  instance 
secured  by  the  maker,  but  if  thrown  out 
at  any  time,  the  ring,  on  which  the  lamp 
rests,  can  be  so  set  by  small  screws, 
moving  in  a  circular  slit,  that  the  middle 
of  the  wick  shall  be  concentric  with  the 
tripod,  the  ring  in  this  case  being  eccen- 
tric to  it.  Tins  adjustment,  however, 
ought  not  to  be  necessary  if  the  lamp  is 
carefully  handled.  A  cylindrical  metal 
mirror  is  provided  to  intensify  the  bril- 
liancy of  the  flame.  This  signal  lamp 
surpassed  all  others  in  giving  far  longer 
station  lengths  under  similar  conditions ; 
but  it  may  even  yet  be  advisable  to  devise 
apparatus  for  using  the  electric  light  in 
its  place. 

To  diminish  still  more  the  delays  and 
inaccuracies  incident  on  such  frequent 
settings-up  of  instrument  and  signal  in 
the  tunnel,  the  Author  further  con- 
structed a  stand  applicable  to  either.  It 
is  in  two  parts,  a  top  plate  of  metal  rest- 
ing on  a  large  circular  one  of  wood  to 
winch  three  legs  are  attached.  This  top 
plate  is  separate  from  the  lower  one, 
though  capable  of  being  centered  accu- 
rately with  it  under  or  over  any  required 
point  inside  the  tunnel,  such  point  being 
denoted  by  a  notch  on  an  iron  cramp. 
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which  is  driven  into  the  ground.  The 
weight  (nearly  31  lbs.)  of  the  metal  plate 
ensures  its  steadiness,  as  its  three  pointed 
foot-screws  work  in  small  cups  let  into 
the  wooden  plate ;  by  these  it  is  levelled, 
and  when  the  lamp  is  placed  on  it  for 
use,  it  can  be  turned  round  and  clamped 
in  any  direction. 

Every  station  in  the  center  line  was 
fixed  by  the  mean  of  eight  distinct  set- 
tings-up  of  the  lamp,  by  which  all  level 
and  collimation  errors  were  eliminated 
from  the  observations.  To  deduce  this 
mean  readily,  the  metal  plate  consists  of 
a  bronze  plate  sliding  in  a  cast-iron  frame 
and  provided  with  a  clamp  and  tangent 
screw.  The  center  of  the  bronze  plate  is 
given  by  a  notch  on  either  side,  while  to 
the  two  edges  of  the  cast-iron  frame 
strips  of  gummed  paper  are  affixed,  on 
which  each  observation  is  to  be  recorded 
by  a  pencil  mark.  To  the  mean  of  these 
marks  the  center  of  the  bronze  plate  is 
now  set  by  the  notch,  and  in  order  that 
it  may  necessarily  be  coincident  with  that 
of  either  lamp  or  theodolite,  as  each  is 
successively  set  up  upon  the  plate,  three 
small  grooves  radiate  from  it  at  angles  of 
120°,  in  which  are  secured  the  feet  of 
either  instrument  of  whatever  size.     At 


the  next  station  the  used  paper-strips  are 
scraped  off,  and  fresh  ones  affixed.  A 
plummet  and  line  are  attached  to  the 
stand  for  centering  purposes. 

The  advantages  claimed  for  this  stand 
lie  in  the  remarkable  speed  of  "  setting- 
up,"  in  the  elimination  of  all  possible 
errors  in  the  operation,  and  in  the  ready 
insertion  of  the  lamp  upon  it  on  the 
center  line ;  it  is  also  easily  carried  about 
the  tunnel  packed  hi  a  chest.  The 
wooden  portion  is  only  1  meter  high 
besides  the  round  wooden  plate  of  0.5 
meter  outer,  and  0.34  meter  inner  diam- 
eter. Lead  weights  are  attached  to  the 
lower  parts  of  the  legs  to  keep  them 
steady  if  accidentally  pushed.  Weights 
above  20  kilogrammes  (44  lbs.)  should  be 
made  up  from  smaller  ones  to  facilitate 
their  manipulation ;  and  since  all  the 
material,  instruments,  &c,  are  always 
forwarded  from  point  to  point  in  the 
tunnel  on  trollies,  the  transport  of  these 
lead  weights  offers  no  difficulty. 

A  light  transit  without  vertical  and 
horizontal  circles,  but  with  a  powerful 
telescope  magnifying  thirty  times,  is 
advocated  for   ranging   purposes   inside 

I  the  tunnel,  and  by  its  use  greater  rapid- 

I  ity  in  the  work  is  anticipated. 


GAS   VERSUS  ELECTRICITY. 


By  W.  H.  PEEECE. 
From  "Nature." 


The  gas  companies  are  at  last  awaken- 
ing to  the  peculiarity  of  their  position, 
and  gas-shareholders  are  recovering  their 
confidence  in  the  stability  of  their  prop- 
erty. It  is  interesting  to  observe  how 
steadily  the  shares  in  all  the  great  gas 
companies  have  during  the  last  few 
weeks  been  rising,  and  unless  any  un- 
toward event  occurs  there  is  no  reason 
why  in  a  short  time  they  should  not 
recover  the  position  they  so  singularly 
lost  in  August  of  last  year.  Looking 
dispassionately  upon  the  events  that 
have  occurred,  it  is  difficult  to  under- 
stand how  such  a  panic  and  scare  could 
have  arisen.  Nothing  of  any  sort  or 
kind  has  been  discovered  either  in  the 
laws  of  electricity  or  in  their  application 


to  electric  lighting  to  account  for  it. 
We  know  no  more  of  the  electric  light 
now  than  we  did  hi  1862,  when  as  great 
a  display  was  made  in  our  Exhibition  of 
that  year  as  was  made  in  the  French 
Exhibition  of  last  year.  There  is  no 
doubt,  however,  that  the  enterprise  of 
our  neighbors  on  the  other  side  of  the 
Channel  in  lighting  up  so  brilliantly  one 
of  their  grand  new  streets,  produced  a 
sensation  that  will  not  easily  be  forgot- 
ten. Englishmen  never  like  to  be  beaten. 
We  are  accustomed  to  be  startled  by  in- 
ventions from  the  other  side  of  the 
Atlantic,  but  we  are  not  accustomed  to 
be  beaten  either  in  commercial  enter- 
prise or  in  inventive  skill  by  our  neigh- 
bors on  this  side  of  the  Atlantic.    Hence, 
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all  of  those,  whose  name  is  legion,  who 
visited  Paris  last  year,  came  back  with 
exaggerated  ideas  of  the  effect  of  the 
electric  light  in  the  Avenue  del'Opera, 
and  spread  through  England  a  profound 
opinion  of  the  value  of  electricity  as  a 
means  of  illumination. 

It  seems  to  be  forgotten  that  only 
three  years  ago  a  competitive  trial  of  gas 
and  electricity  was  made  in  the  clock 
tower  of  the  Houses  of  Parliament. 
Each  of  these  lights  was  tried  for 
several  months,  the  electric  light  being  a 
Serrin  lamp  lit  by  a  Gramme  machine ; 
and  that,  after  a  very  careful  examination, 
gas  was  successful,  was  adopted,  and  is 
now  used  by  the  Office  of  "Works. 

Again,  it  seems  to  be  forgotten  that 
"the  Elder  Brethren  of  the  Trinity  House 
have  been  experimenting  upon  this  ques- 
tion ever  since  1857,  and  that  the  results 
of  their  experiments  have  only  led  to  the 
adoption  of  the  electric  light  in  three  of 
their  lighthouses.  If  the  electric  light 
had  had  the  wonderful  advantage  over 
gas  or  oil  that  its  projectors  profess  for 
it,  surely  the  governors  of  such  an  insti- 
tution as  the  Trinity  House  would  have 
fitted  up  all  the  lighthouses  upon  our 
coasts  with  this  wonderful  light. 

The  recent  experiments,  however,  have 
shown  both  the  strength  and  weakness  of 
the  position  of  the  gas  companies.  Their 
strength  consists  in  their  being  in  posses- 
sion of  the  ground ;  their  weakness  con- 
sists in  their  producing  only  a  poor  light 
— and  a  very  poor  light — when  compared 
with  electricity.  But  is  there  any  reason 
why  this  weakness  should  continue?  Is 
there  any  reason  why  gas  should  remain 
such  an  indifferent  light?  There  is  none 
but  that  of  expense,  and  expense  will  not 
deter  people  from  having  a  better  light  if 
they  can  only  get  it.  The  Phoenix  com- 
pany has  taken  the  question  in  hand,  and 
has  shown  in  the  Waterloo  Road  what 
what  can  be  done  with  gas  when  the 
question  of  expense  is  not  considered. 
Indeed,  it  would  almost  seem,  from  the 
experiments  that  have  been  made,  that 
the  quantity  of  light  to  be  produced  by 
gas  is  only  a  question  of  the  quantity  of 
gas  consumed  in  a  given  space.  There 
are  now  burning  in  the  Waterloo  Road 
two  brilliant  gas  lamps,  giving  a  light  of 
500  candles ;  and  .this  is  greater,  in  point 
of  fact,  than  the  intensity  of  the  light 
developed   by   any   one   of    the   electric 


lights  that  are  now  on  trial  in  the 
thoroughfares  of  London.  There  is, 
however,  a  defect  in  gas  light  which 
remains  to  be  eradicated,  and  that  is, 
the  color  of  the  light.  The  one  great 
advantage  which  the  electric  light  has 
over  gas  is,  that  the  electric  light,  owing 
to  its  very  high  temperature,  produces 
rays  of  every  degree  of  refrangibility, 
and  therefore,  as  an  illuminating  power, 
it  is  equal  to  that  of  the  sun.  But  gas 
light,  owing  to  the  lowness  of  its  temper- 
ature, is  deficient  in  blue  rays,  and  is 
therefore  not  so  effective  in  discrimin- 
ating colors  as  the  electric  light. 

A  very  marked  advance  towards  per- 
fection in  this  direction  in  gas  lighting 
has  been  made  in  the  albo-carbon  pro- 
cess, by  which  the  gas  burnt  is  enriched 
with  the  vapor  of  naphthaline — a  refuse 
of  gas  manufacture.  This  process  is 
being  introduced  by  Mr.  Livesey,  and, 
to  judge  by  the  experiments  that  have 
been  shown,  it  is  very  jororoising  indeed. 
The  intensity  of  the  light  of  a  gas  burner 
is  improved  at  least  five  times,  and  in 
some  experiments,  witnessed  by  the 
writer,  the  improvement  was  as  much  as 
twenty  times. 

The  tentative  trials  that  are  being 
made  with  the  electric  light  in  London 
cannot   be   said  to   be   very   successful. 

That  at  Billingsgate  was  certainly  a 
fiasco,  that  on  the  embankment  is 
very  brilliant,  but  we  have  yet  to  learn 
its  cost,  and  there  is  no  doubt  whatever, 
that  the  efficiency  of  the  light  is  very 
much  less  than  that  usually  ascribed  to 
thfe  electric  light.  The  trial  on  the  Hol- 
born  Viaduct  is  not  a  success.  The  ex- 
periment seems  to  be  conducted  by  some 
one  who  is  not  experienced  in  the  work- 
ing of  electric  circuits,  for  occasionally 
all  the  lamps  are  found  extinguished,  on 
other  occasions  only  a  portion  of  them 
are  burning,  and  frequently  they  are 
very  dull.  It  is  quite  difficult  even  at 
the  distance  of  the  Post  Office,  to  dis- 
tinguish the  gas  from  the  electric  lamp. 
The  same  effect  is  observed  on  crossing 
Blackf riars  Bridge  and  looking  towards 
the  Houses  of  Parliament,  when  there  is 
the  slighest  mist  in  the  air,  and  it  is  quite 
evident  that  the  electric  light  has  no  more 
— if  as  much — penetrative  power  than 
gas. 

A  most  complete  and  careful  inquiry 
into  the   working   of   the   electric   Uarht 
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lias  been  made  by  Mr.  Louis  Sckwendler 
for  tlie  East  Indian  Railway  Company, 
and  his  results  are  extremely  interesting. 
He  has  recommended  the  introduction  of 
the  light  into  certain  railway  stations 
where  no  gas  exists,  and  the  system  he 
proposes  to  use  is  the  Siemens  dynamo- 
machine  and  one  Serrin  lamp,  and  there- 
by save  that  waste  which  the  multiplica- 
tion of  the  light  unquestionably  produces. 
He  proposes  to  distribute  this  single  light 
by  diffusion  on  a  plan  originally  sug- 
gested by  the  Duke  of  Sutherland.  His 
investigation  has  been  conducted  in  a 
thoroughly  scientific  spirit,  and  when  his 
report  is  published  it  will  be  a  very  valu- 
able addition  to  our  knowledge  of  the 
theory  of  the  electric  light.  It  has  been 
shown  by  the  writer  that  the  full  effect 
of  the  current  can  only  be  obtained  by 
one  lamp  on  a  short  circuit,  and  that 
when  adding  to  the  lamps  by  inserting 
more  of  them  on  the  same  circuit,  or  on 
a  circuit  so  that  the  current  is  sub- 
divided, the  light  emitted  by  each  lamp 
is  diminished  in  the  one  case  by  the 
square,  and  in  the  other  case  by  the  cube 
of  the  number  of  lamps  so  inserted.  Dr. 
Siemens  maintains  also  the  concentration 
of  the  power  on  one  light,  but  other  ex- 
perimenters are  endeavoring  to  partially 
multiply  the  light.  For  instance,  Mr. 
Rapieff,  in  the  Times  office,  very  suc- 
cessfully distributes  six  lights  about  the 
office,  and  Ladd  &  Co.,  with  the  "Wallace 
form  of  machine,. also  distribute  six  lights 
over  the  Liverpool  Street  Station.  Al- 
though there  is  undoubtedly  a  loss  of 
power  in  this  distribution  of  the  lamps, 
there  may  be  an  advantage  in  such  dis- 
tribution in  cases  like  printing  offices 
and  railway  stations.  A  successful  ex- 
periment has  been  made  by  the  British 
Electric  Company,  in  lighting  up  some 
of  the  stations  of  the  Metropolitan  Rail- 
way Company,  and  the  India  Rubber  and 
Grutta  Percha  Company  have  been  suc- 
cessful in  lighting  up  the  London  Bridge 
station  of  the  London  Brighton  and 
South  Coast  Railway  Company.  In  all 
these  cases  we  have  scarcely  emerged 
from  the  sphere  of  experiment.  The 
electric  light  has  not  yet  been  perma- 
nently introduced  on  any  large  scale. 
Many  are  trying  it,  many  are  captivated 
by  the  brilliancy  of  the  light,  and  many 
in  their  eagerness  to  keep  up  with  the 
spirit  of  the  age,  are  introducing  it,  as, 


for  instance,  the  London  Stereoscopic 
Company,  and  the  Messrs.  Nichols,  the 
clothiers  in  Regent  Street,  where,  how- 
ever, the  light  does  not  appear  to  give 
very  great  satisfaction  through  its  fluctu- 
ation. 

We  were  led  to  expect  very  much  from 
the  experiments  of  Mr.  "Werdermann,  but 
his  attempt  to  subdivide  the  light  seems 
to  have  subsided,  for  we  have  heard 
nothing  of  it  for  some  time  past.  Again, 
we  have  heard  no  more  of  M.  Arnaud's 
discovery,  and  the  accounts  that  reach  us 
from  America  of  the  doings  of  the  Saw- 
yer-Mann light,  and  of  the  supposed  dis- 
coveries of  Mr.  Edison,  are  unworthy  of 
attention. 

The  present  state  of  the  electric  light 
question  may  therefore  be  said  to  be  a 
tentative  one,  and  the  gas  companies  are 
with  much  enterprise  now  giving  their 
retort  courteous  by  showing  that  they 
are  in  a  position — if  the  people  choose  to 
pay  for  it — to  give  quite  as  powerful  a 
light  as  the  electric  light;  and,  let  us 
hope,  before  long  that  it  will  be  quite  as 
perfect.  There  can  be  no  doubt  that  the 
use  of  electricity  for  the  production  of 
light  is  a  very  wasteful  as  well  as  a  costly 
process,  for  the  energy  that  is  generated 
in  the  machine  is  not  all  consumed  in  the 
lamp,  but  is  proportionately  distributed 
over  the  whole  circuit.  It  is,  therefore, 
not  utilized  only  in  the  place  where  it  is 
wanted,  as  in  the  case  of  gas.  If  we  are 
using  a  certain  amount  of  energy  in  an 
electric  lamp  to  light  a  street,  we  are 
wasting  as  much  if  not  more  energy  in 
the  street  in  maintaining  the  current  to 
produce  that  light. 

There  are  three  points  which  all  elec- 
tric fights  for  general  purposes  should 
be  required  to  attain.  The  first  is  a 
brilliancy  far  exceeding  that  of  any 
known  lamp:  the  second  is  a  durability 
greater  than  that  which  would  be  re- 
quired for  night  operations  in  England ; 
and  the  third  is  absolute  steadiness,  to 
enable  work  to  be  conducted  without 
affecting  the  eyes.  There  is  no  electric 
light  that  has  yet  been  introduced  which 
supplies  us  with  these  desiderata. 


From  the  dust  of  its  coal  mines  France 
makes  annually  700,000  tons  of  excellent 
fuel,  known  here  as  patent  fuel,  and  Bel- 
gium makes  500,000  tons. 
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RETAINING  WALLS. 

By  Prof.  WM.  M.  THORNTON. 
Written  for  Van  Nostrand's  Magazine. 


1.  In  the  following  article  it  is  pro- 
posed to  give  a  concise  and  simplified  ac- 
count of  the  theory  (due  to  Mr.  Lame) 
of  the  Pressure  of  Earth,  and  its  applica- 
tion to  the  designing  of  Retaining  Walls 
by  Rankine.  Having  been  heretofore 
presented  as  part  of  a  more  general 
theory,  it  has  been  needlessly  encumbered 
with  mathematical  difficulties,  and  has 
not  been  reduced  to  a  form  suited  to  pur- 
poses of  computation.  It  is  hoped  that 
the  mathematical  processes  here  employ- 
ed will  be  found  intelligible  to  any  one 
tolerably  versed  in  Algebra,  Plane  Tri- 
gonometry and  Elementary  Mechanics ; 
and  that  the  results  arrived  at  will  prove 
useful  in  their  application  to  the  purposes 
of  practical  design. 

2.    STRESS. 

It  is  obvious  upon  the  least  considera- 
tion that  the  forces  between  bodies  or 
parts  of  bodies  do  not  act  at  definite 
points  but  are  distributed  over  surfaces 
(or  volumes)  of  greater  or  less  extent. 
When  it  becomes  necessary  to  consider 
not  the  single  resultant  force  but  this 
distributed  action  we  distinguish  the 
latter  by  the  word  stress.  This  stress 
may  vary  in  amount  from  point  to  point; 
but  over  a  sufficiently  small  surface  it 
may  always  be  considered  constant. 
The  ratio  of  its  total  amount  to  the  area 
of  this  surface  is  called  the  intensity  of 
the  stress.  The  resultant  stress  must  be 
conceived  as  applied  at  the  center  of  this 
area. 


3.    INTERNAL    STRESS. 

If  a  body  in  equilibrio  under  the  action 
of  external  forces  be  anywhere  divided  by 
an  ideal  plane  into  two  parts  A,B  each  of 
these  acts  on  the  other  with  a  certain 
stress  at  the  plane  of  division.  This  is 
what  is  called  the  internal  stress  on  this 
plane ;  the  inclination  of  its  resultant  to 
the  normal  to  the  plane  is  called  the  ob- 
liquity of  the  stress ;  and  the  stress  is  a 
thrust,  a  shear  or  a  pull  as  its  obliquity 
is  <  =  >90°.  This  force  may,  like  any 
other,  be  resolved  into  components  or 
compounded  with  others  into  resultants. 
In  the  questions  which  we  shall  have  to 
consider  the  stresses  are  all  parallel  to 
one  plane  to  which  their  planes  are  per- 
pendicular. It  will  be  necessary  for  us 
therefore  to  consider  only  the  particles  in 
a  section  parallel  to  this  plane. 

4.    CONJUGATE    STRESSES. 

The  intensities  of  shear  on  any  two  in- 
tersecting lines  are  equal ;  so  that  if  the 
stress  on  a  is  parallel  to  b  the  stress  on  b 
is  parallel  to  a. 

Proof:— 

Consider  the  elementary  triangle  ABC, 
its  sides  being  so  small  that  the  stresses 
on  them  may  be  considered  uniform,  so 
that  the  resultants  act  at  the  middle 
points  D,E,E.  Resolve  the  stresses  P,  Q 
each  into  components  parallel  to  a,  b. 
The  shears  Pa,  Q6  meet  in  C  The 
thrusts  P6,  Qa  meet  in  F.  Accordingly  to 
balance  R  the  resultant  of  Pa.  Q&  must 
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act  in  CF.     Hence  — =—  which  was  to 
a       o 

be  proved.     For  CD = |,  CE = | 

The  second  part  of  the  theorem  is  ob- 
vious. For  if  the  stress  on  a  is  parallel 
to  b  the  common  intensity  of  shear  is 
null.    These  are  called  conjugate  stresses. 

5.    PRINCIPAL    STRESSES. 

Given  the  components  of  stress  on  two 
orthogonal  axes  it  is  required  to  deter- 
mine the  stress  on  a  third  axis  through  the 
same  origin. 

Let  p,  q  denote  the  normal  intensities  of 

stress  on  Ox,  Oy, 
Let  t  denote   the   common   intensity  of 

shear  on  Ox,  Oy, 
Let  6  denote  the  slope  of  the  normal  to 

the  third  axis, 
Let  ff  denote  the  intensity  of  stress  on 

it, 
Let  w  denote  the  obliquity  of  stress  on 

it. 

Then  the  axial  components  of  the 
stress  on  AB  are 

X=q.  OB  +  t.  OA, 

Y=p.  OA  +  t.  OB; 
and  the  corresponding  intensities  are 
,xz=£Cos.  #-f-£sin.  6, 
y—p  sin.  6  + 1  cos.  6. 


The  normal  and  tangential  intensities 
therefore  are 

v—x  cos.  6  +  y  sin.  6, 

r=ce  sin.  6  — y  cos.  6, 

.-.  ^=psin.2#  +  2£sin.  #cos.  6  +  qcos.*6, 

r  =  ( q  —p)  sin.  6  cos.  6  —  t cos.  26. 

The  intensity  of  shear  on  the  third  axis 

will  therefore  be  null  if 

2t 


tan.  26= 


q-p 


This  equation  determines  two  axes  and 
only  two  at  right  angles  to  each  other  on 
which  the  stress  is  wholly  normal.  These 
are  called  the  principal  axes  of  stress  at 
O.  If  they  be  chosen  for  co-ordinate 
axes,  the  components  of  stress  on  an 
axis  whose  normal  has  the  slope  6  are 

v  =p  sin.20  +  q  cos.'O, 
r=(q—p)  sin.  6  cos.  6. 

The  intensity  ff  and  the  obliquity  u>  of 
the  stress  on  this  axis  are  therefore  de- 
termined by  the  equations 

6 cos.  oj  =p  sin.20  +  q cos.2#, 
<5"sin.  <o  =  (q— ^)  sin.  #  cos.  6. 

If  we  eliminate  6  between  these  equa- 
tions we  obtain  the  quadratic 

62 — ( p  +  q)  6  cos.  oj  -Ypq = o, 

which  determines  the  intensities  of  the 
two  conjugate  stresses  at  O,  whose  com- 
mon obliquity  is  w.  By  solving  the 
quadratic  we  get 

2ff=(p  +  q)\  cos.  w  +  i/  cos.2w—  —  -  -0  y 
I  (P  +  9)  ) 

for  the  two  values  of  the  intensity. 

6.     MAXIMUM    OBLIQUITY. 

The  expression  under  the  radical  in  the 
last  equation  cannot  be  negative.  Ac- 
cordingly the  maximum  obliquity  of  two 
conjugate  stresses  at  O  is  found  from  the 
formula 


cos./2  = 


p  +  q 


and  the  ratio  of  two  conjugate  stresses  of 
obliquity  u>  is 

cos.  to  —  ,y/[cos.2w— cos.2/!] 


P= 


COS.  oj  +  ^/[C0S.2W  —  COS.2/!] 


7.     FBICTIONAL    STABILITY   OF    LOOSE     EARTH. 

In  such  masses  of  earth  as  the  engineer 
has  to  deal  with,  the  only  source  of  sta- 
bility of  which  he  can  take  account  is  the 
mutual  friction  of  its  grains.  Adhesion 
increases  this  stability ;  but  to  an  amount 
which  varies  so  much  from  extraneous 
causes  that  no  reliance  can  be  placed  on 
it.  The  obliquity  of  stress  in  such  a 
mass  must,  therefore,  never  exceed  the 
angle  of  repose  tf>;  that  is,  £1  cannot  be 
greater  than  </',  or  the  ratio  of  the  less  of 
two  conjugate  stresses  to  the  greater 
cannot  be  less  than 
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_COS.  co  —  ^(COS.V  —  COS.  V') 
~ "COS.  co  +  ^(cos/'co  —  COS.'V) 

8.  In  a  mass  of  earth  with  an  indefinite 
plane  for  its  upper  surface,  the  condition 
of  all  sections  by  perpendicular  vertical 
planes  is  alike.  And  at  any  point  O  in 
such  a  section  the  stress  is  vertical  on  a 
plane  parallel  to  the  upper  surface,  and 
equal  to  the  weight  of  the  column  OC; 
that  is,  the  intensity  of  the  stress  is 
tvh  cos.  co,  where  w  is  the  weight  of  the  earth 
per  cubic  foot,  m  the  slope  of  the  upper 
surface  and  h  the  depth.  The  stress  on 
Oy  therefore  acts  along  Ox,  and  is  not 
less  than  pivh  cos.  co.  But  this  suffices  to 
produce  equilibrium  at  O.  It  is,  there- 
fore, in  accordance  with  Moseley's  prin 
ciple  of  Least  Resistance,  the  actual 
intensity  of  the  conjugate  stress. 


9.  PRESSURE  OF  EARTH  ON  A  VERTICAL  PLANE. 

If  therefore  we  make  OD  equal  to  ph, 
the  area  COD  will  represent  the  total 
pressure  on  CO,  which  will  be  parallel  to 
AB  and  pass  through  the  center  of 
gravity  at  COD.  That  is,  the  pressure 
on  CO  will  be 

~P=^ioph2cos.  co 
and  will  be  applied  at  two  thirds  of  the 
depth  below  C. 

10.  UPRIGHT   RECTANGULAR   RETAINING  WALL. 

The  relation  between  the  height  and 
thickness  of  an  upright  rectangular  re- 
taining wall  may  now  be  determined. 
Either  of  two  methods  may  be  pursued. 

Let  t=nh  denote  the  thickness  of  the 
wall, 

Let  raw  denote  the  weight  of  the  ma- 
sonry per  cubic  foot, 

Let  s  denote  the  coefficient  of  safety, 


Let  qt  denote  the  deviation  of  center  of 
resistance  from  center  of  base. 

Let  W  denote  the  weight  of  the  wall  per 
foot. 
1/.  Take  moments  about  the  toe  of  the 

wall  and  employ  the  coefficient  of  safety. 

The  forces  and  their  lever  arms  are 

'P—^ioph2  cos.  co,  \  h  cos.  go— t  sin  co  ;  • 

'W=mw/it,  \t; 

.•..  \s  miv  ht2=^iophs  cos.3  go— ^ivph2t 

sin.  &3COS.  go, 

,      ps    .  ps         , 

n*  H sm.Gocos.Go.n=? — cos.   go. 

m  3  m 


2/.  Take  moments  about  the  center  of 
resistance.  The  forces  and  their  lever 
arms  are 

T=^toph2  cos.  go,  JAcos.  Go-^(2q  +  l)fein.  go; 

W=mwht,  qt  / 


,  2?  +  l     . 

i psm.  GtfCOS.  GO.Ilz 


pCOS.  *  GO. 


Amq  '  Grnq 

Of  these  two  methods,  the  first  is  a  very 
common  practical  device  for  ensiu'ing  sta- 
bility ;  the  second  is  to  be  preferred  on 
theoretical  grounds.  Either  of  the  two 
quadratics  will  afford  the  required  value 
of  a. 

11.  If  hi  the  formula  which  gives  the 
value  of  p  we  put 

cos.0 

sm.  x= , 

COS.Gl) 

we  find 

/3=tan.2^'; 

and  if  in  the  quadratic 

n1  +25/1— a2 


we  put 
we  find 


b=a  cot.  y, 


n=a  tan.  ^y. 


Employing  these  substitutions  we 'obtain 
the  following  alternative  sets  of  formula? 
for  designing  retaining  walls; 
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1/ 
and 

2/ 


/  3s  x 

cot.   ?/=V-r— .tan.  jr  sin.  go, 

"        r     dm  y 


I  /    S  X  II 

I  ?i  =  4/;q— •  tan  ^tan.^cos.co/ 
t         r   3»i  2        2 


f  2g  +  l 


/l 


tan.-sin.cy, 

x         1/ 
tan  -  tan.  ~  cos.  w 


12.    EXAMPLE. 

It  is  required  to, design  an  upright 
rectangular  retaining  wall  to  sustain  a 
mass  of  earth  of  practically  indefinite 
extent  whose  natural  slope  is  3:2,  surface 
slope  12°30',  the  weight  of  the  masonry 
per  cubit  being  f-  the  weight  of  the  earth. 

For    0  we   have    tan.    $=§,    whence 


cos.  2$=T9, 


and  therefore 


1  3 

L  cos 
L  cos.  6 
L  sin.  x 

X 
X 


9,92015 
9,9S958 
9,93057 
58°  27'  30" 

29°  13'  45" 


In  applying  the  other  formulae  we  as- 
sume s=2  for  the  first  set,  q=§  for  the 
second. 


L  tan.  „ 
L  sin.  at 

L  cot.  y 

y 
\y 


L  tan.  g- 

L  tan.  p- 
L  cos.  o) 

JjTl 


9,74784 

9,33534 

0,00959 
9,12277 
82°  SJ6'  34' 
41°  13'  17' 

9,74784 

9,94255 
9,98958 
1,86350 

1,54347 


9,74784 

9,33534 

T,  89356 
8,97674 
84°  35'  7" 
42°  17'  34" 

9,7,784 

9,95890 

9,98958 
1,77546 
"1,47178 


0,34952  0,29633 

That  is,  the  first  method  gives  ra=0.3"5; 
the  second  n=0,30.  The  first  value  hap- 
pens to  be  exactly  that  recommended  by 
Trautwine  [P.B.  331];    the  second  that 


recommended  by  Molesworth  [P.  B.  17]. 
The  second  is  doubled  sufficient.  The 
calculations  as  will  be  seen  are  neither 
laborious  nor  complex. 


13.  The  coefficient  of  safety  of  a  given 
retaining  wall  is  found  from  the  relation 
(10.1)  which  gives 

6mnz 


tan.  2^x  sin.  2w  [cot.  to — 3w] 

Thus  using  the  example  of  (12)  we  have 

cot.  oj  4,5107 

3  n  0,9 

3,6107 

0,55759 
2  L  tan.  -J-  x  9,49568 
L  sin.  2  &       9,62595" 

1,67922 
L  6  m  ?i2  1,82930 
L  s  i  0,15012 

whence  s= 1,413.  In  this  way  the  engi- 
neer can  always  judge  whether  the  pro- 
posed value  of  n  is  sufficient. 

14.   The  inclination  i  of  the  resultant 
to  the  vertical  is  given  by  the  formula 

cos.  (to  +  i)     W 


or 


.    .  2mn 

cot.  2= tan.  to+ y\ r 

tan.  it  x  cos. 


Thus  using  the  same  example  we  have 


L  tan.  \  x 
L  cos.  co 


1,73742 
1,47484 

Ii2mn         "1,87506 
0,40022 
2,5132 
tan.  o  0,2217 

cot.  •'  2,7349 

whence  ^=20°  which  is  less  than  the 
angle  of  repose  of  the  masonry  on  its 
foundation.     Should   the   result    exceed 


9,74784 
9,98958 


KETALNING   WALLS. 


317 


this  angle,  then  the  base  of  the  wall 
must  be  tilted  back  at  an  angle  greater 
than  the  excess. 

15.    RESUME. 

Let  $=the  natural  slope, 
"     <o     "     surface  slope, 

density  of  masonry  [earth =1] 
deviation  of  center  of  resist- 
ance, 

ratio  of  thickness  to  height, 
coefficient  of  safety, 
obliquity  of  pressure  on  base, 
cos.  0 


m 
9 

n 

8 

i 


Sill.  x= 


COS.  u> 


4.  2?  +  l 

cot.y-  — 


/  f\ 

\f  —  tan.  ice  sin.  a» 
'    mq 


—  y  -„    -  tan.  ^-cctan.  \y  cos.  io 


Qmq 


s= 


6ni)i7 


tan.2  ^x  sin.  2«  [cot.  cu— 3«] 
2mn 


cot.  i—  tan.  io  + 


tan. 2^  a;  cos.2  a* 


16.    TABLE. 

The  following  table  is  computed  from  the 
above  formulae  with  the  date 

tan.$=f,  m=£,  ^=0,3; 


,.2?+V- 
8  y  i 

1=0,8 

mq 

\ 

/  1 

2 

Qmq 

— ~s- 

1 

L  tan. 

10 

n 

s 

i 

ix 

*s 

0° 

'  0,357 

1,669  17°  48' 

28°  9'19" 

9,72851 

2 

0,352 

1,683  17°  51' 

28  10  50 

9,72897 

4 

,  0,347 

1,693  17°  57' 

28  15  38 

9,73043 

6 

'  0,343 

1,711  ;i8°  2' 

28  23  45 

9,73288 

8 

0,339 

1,728  18°  8' 

28  34  56 

9,73625 

10 

j  0,335 

1,741  18°  17' 

28  49  49 

9,74072 

12 

0  332 

1,762  18°  25' 

29  8  26 

9,74626 

14 

0,328 

1,778  ;18°  38' 

29  31  13 

9,75300 

16 

0,3  J  5 

1,788  18°  51' 

29  58  30 

9,76100 

18 

0,323 

1,822  19°  3' 

30  30  52 

9,77040 

20 

0,321 

1,846  19°  20' 

31  9  10 

9,78139 

22 

0,320 

1,926  19°  38' 

31  54  30 

9,79424 

24 

0,319  1  1,917  20°  Y 

32  48  30 

9,80933 

26 

0,319  1,963  20°  30' 

j  33  53  24 

9,82719 

28 

0,320  i  2,018  !21°  7' 

1  35  13  36 

9,84888 

30 

0,323 

2,098  21°  57' 

!  36  57  0 

9,87633 

32 

0,330 

2,202  23°  18' 

39  25  40 

9,91499 

<2> 

0,369 

2,802  [26°  34' 

45°  0'  0" 

10,00000 

It  contains  the  values  of  ^x,  Ltan.  %x,  n,  s,  i 
for  equidistant  values  of  go.  For  any 
other  values  the  corresponding  results 
may  be  found  by  an  easy  interpolation. 

For  any  other  value  of  m  the  value  of  n. 
which  corresponds  to  an  equal  value  of  s, 
may  be  found  with  sufficient  accuracy  for 
practice  from  the  formula 


n'        /m 
n       V   vn.f 


Thus  if  m'-- 


f  and  m=f  as  above 
w.'=0,913  n. 


The  value  of  $  adopted  is  that  which  is 
almost  universally  found  for  ordinary 
earth  work  in  dry  earth. 

17.  When  the  earth  slopes  to  the  outer 
edge  of  the  wall  it  is  recommended  to 
measure  the  height  to  c  and  use  this 
to  compute  the  thickness.  Or,  what 
amounts  to  the  same  thing,  to  take  n 
from  the  table  and  make  the  ratio  of 
height  to  thickness 


This  gives 
bility. 


— tan.w 


a  very  slight  excess  of   sta- 


18.    SURCHARGED    WALLS. 

A  wall  is  said  to  be  siu'charged  when  the 
backing  slopes  away  from  it  at  the  angle 
of  repose  to  a  certain  height  called  the 
height  of  surcharge  after  which  it  is  hori- 
zontal. The  thickness  of  the  wall  is  thus 
somewhat  less  than  it  would  have  to  be 
if  the  slope  were  indefinite.  According 
to  Rankine  we  may  put 


ncfn» 


n=n  ^— 3— 


$     1  +  26 

where  6  is  the  height  of  surcharge,  the 
height  of  the  wall  being  taken  as  1.  With 
the  data  already  used  this  formula  be- 
comes 

1000^=369---^ 

1  +  20 

The  limitation  of  height  will  not  de- 
crease the  thickness  therefore  by  as  much 
as  one  thousandth  part  unless  6  <  5^-. 

19.    BATTERING-FACED  WALLS. 

An  upright  rectangular  wall  ABCD  with 
center  of  resistance  at  Q  may  be  changed 
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into  a  battering  wall  ABCE  of  equal 
stability  by  making  DE=3AQ.  For  the 
center  of  gravity  of  ADE  being  vertically 
over  Q,  this  change  does  not  affect  the 
moment  of  stability.  Thus  with  the 
same  data  as  before  AQ=0,2ii;  DE=0,6«/ 
and  the  batter  is  l:0,6>i. 

This  change  obviously  increases  the 
obliquity  of  the  pressure  on  the  base  and 
to  guard  against  sliding  we  should  give 
the  batter  a  cant  backwards. 

Any  batter  less  than  this  may,  of 
of  course,  be  used. 


GAS  ILLUMINATION. 

By  Dr.  WILLIAM  WALLACE,  F.  E.  S.  E". 
From  "  .Tournal  of  the  Society  of  Arts." 


It  is  impossible  to  discuss  the  subject 
of  gas  illumination  at  the  present  time 
without  referring  to  the  electric  light, 
which  many  authorities  affirm  is  destined 
to  be  the  light  of  the  future.  If  this  is 
so,  it  might  naturally  be  inferred  by 
those  who  have  only  a  slight  knowl- 
edge of  the  subject,  that  it  is  only 
wasting  energy  to  devote  time  and  study 
to  the  improvement  of  gas  lighting,  since 
it  must  soon  be  superseded  by  the  more 
brilliant  light  obtained  from  electricity. 
I  have  given  this  matter  some  attention, 
and  I  must  say  that  I  have  no  fear  that 
gas  interests  will  suffer  in  consequence 
of  the  introduction  of  the  electric  light 
for  many,  many  years,  if  at  all.  The 
mere  fact  that  light  can  be  obtained  by 
passing  a  powerful  current  of  voltaic 
electricity  between  carbon  points,  dates 
back  to  a  time  when  gas  lighting  itself 
was  only  in  its  infancy ;  and  it  is  now 
nearly  30  years  since  the  apparatus  was 
so  far  perfected  that  the  distance  between 
the  carbon  points  was  worked  automati- 
cally ;  and  the  improvements  recently  in- 
troduced, if  we  accept  the  Jabloehkoff 
candle,  and  the  imperfect  arc  formed  in 
the  Werderman  arrangement,  have  been 
directed  more  to  the  effective  production 
of  electricity  by  mechanical  power  than 
to  the  light  itself.  Turning  over  an  old 
periodical  a  few  days  since,  I  came  upon 
a  paragraph  which  I  read  with  some  in-  I 
terest,  in  which  it  stated  that  a  French  j 
sava?i  had  discovered  a   plan  by  which  j 


the  unsteadiness  of  the  electric  light 
was  removed.  The  date  of  this  an- 
nouncement is  1853 — a  quarter  of  a  cen- 
tury since — and  even  now  we  are  scarcely 
in  a  position  to  say  that  the  luisteadiness 
of  the  light  has  been  overcome.  The 
fact  is,  that  we  have  still  a  long  period  of 
experiment  and  study  before  us  in  regard 
to  lighting  by  electricity,  and  although 
the  march  of  improvement  in  science  is 
now  extremely  rapid,  I  scarcely  hope  to 
live  long  enough  to  see  electricity  take 
the  place  of  gas  in  the  lighting  of  ordi- 
nary dwelling-houses.  But  even  if  I  am 
in  error  in  supposing  that  the  enormous 
difficulties  will  not  immediately  be  over- 
come, there  is  still  little,  if  any,  cause  for 
alarm  on  the  part  of  holders  of  gas 
stocks, .  since,  even  at  the  worst,  gas  is 
certain  to  be  used  side  by  side  with  elec- 
tricity, as  long  as  coal  can  be  got  to  pro- 
duce it.  The  fears  entertained  recently 
by  shareholders  of  gas  companies,  re- 
mind me  of  the  beginning  of  railway  en- 
gineering, when  it  was  asserted  that  if 
railways  were  allowed  to  be  made  there 
would  no  longer  be  any  use  for  horses, 
and  the  valuable  breeds  of  the  animal  in 
this  country  would  be  allowed  to  die  out. 
We  all  know  that  the  result  was  entirely 
the  other  way ;  the  railways  increased  the 
demand  for  horses,  and  they  became  more 
valuable  and  more  numerous  than  ever. 
Then,  again,  it  was  supposed  that  when 
gas  was  used  for  the  lighting  of  towns 
the  manufacture  of  candles  would  cease, 
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but  what  is  the  fact  ?  More  candles  are 
made  now  than  ever  there  were  before, 
and,  what  is  very  much  to  the  purpose  in 
connection  with  my  subject  to-night,  the 
greatest  improvements  in  the  manufac- 
ture of  candles  were  made  after  the  gas 
manufacture  was  fairly  established. 
Even  within  my  own  recollection,  candles 
were  burned  which  required  constant 
snuffing,  and  so  late  as  30  years  ago 
artistic  designs  for  snuffers  and  snuffer- 
trays  were  published  in  art  journals.  If 
electricity  supplants  gas  for  public  light- 
ing, as  I  believe  it  may  to  some  extent, 
it  is  all  the  more  necessary  that  we 
should  strive  to  get  more  light  out  of 
gas,  either  by  improvements  in  the  mode 
of  manufacture,  or  by  better  means  of 
burning  it,  or  both,  and  I  am  very  san- 
guine that  gas  lighting  during  the  next 
30  years  will  be  developed  to  an  extent 
of  which  we  can  at  present  form  no 
adequate  idea.  We  have  seen  some  im- 
provements in  gas  lighting  already. 
What  was  at  one  time  12-canclle  gas, 
tested  by  the  primitive  Argand,  became 
14-candle  gas  with  the  Sugg-Letheby 
burner,  and  16-candle  gas  with  Sugg's 
London  Argand ;  and  all  this  without 
sensibly  changing  the  quality  of  the  gas, 
and,  consequently,  without  conferring  any 
benefit  on  the  public.  A  real  and  sub- 
stantial improvement  in  gas  lighting 
would  be  one  which  would  enable  the 
public  to  get,  in  ordinary  domestic  life, 
something  aiDproaching  to  the  illumina- 
ting power  declared  as  the  result  of  the 
official  tests,  and  the  object  of  this  paper 
is  to  show  what  has  been  done  up  to  the 
present  time  in  this  direction.  Before 
passing  on  to  my  subject,  however,  I 
wish  to  make  just  one  remark.  If  the 
the  production  of  gas  is  sensibly  de- 
creased, the  value  of  the  by-products 
will  proportionately  rise,  the  demand  for 
benzole,  anthracen,  tar  oils,  pitch,  and 
ammonia,  will  continue ;  and,  if  the 
quantity  produced  becomes  less,  the 
value  of  these  important  articles  will  un- 
doubtedly increase. 

Coal  gas  is  a  cheap  source  of  light,  the 
only  real  competitor  in  this  respect  being 
paraffin  oil.  The  following  table  gives 
the  comparative  values,  based  on  what 
may  be  accepted  as  average  prices,  al- 
though some  of  them  may  not  be  exactly 
correct  at  the  present  time : 


Cannel  gas,  30  candles, 

at 4s.  2d.  $  1,000  c. 

Common  gas,  16  candles  3s. 

Paraffin  oil  Is.  6d.  "$  gallon 

Colza  oil  in  moderator 

lamps 4s    6d.         " 

Stearine  candles lOd.  ~$  pound 

Tallow        "       8d. 

Paraffin       "      Is.  6d. 

Sperm  "      Is.  6d.         " 

Wax  "      2s.  6d. 


ft.  1 

...if 


.  7 
.27 
.29 
.31 
.36 
.72 


In  these  comparisons,  it  is  but  fair  to 
say,  the  gas  is  calculated  as  giving  the 
light  obtained  when  burned  in  the  best 
known  manner,  as  in  the  official  tests  of 
the  gas  examiners  of  the  towns  where 
the  respective  qualities  of  gas  are  made. 

It  will  be  well  to  indicate,  in  a  few 
words,  the  principle  involved  in  the  test- 
ing of  various  gas  flames  and  other 
sources  of  light.  If  a  flame  of  any  kind 
is  held  at  any  distance,  say  a  yard,  from 
a  screen,  in  which  an  opening  is  made 
one  foot  square,  and  a  second  screen  is 
placed  at  the  distance  of  two  yards,  there 
will  be  thrown  upon  the  latter  a  square 
figure,  which,  on  examination,  will  be 
found  to  measure  exactly  2  feet,  and 
which  has,  therefore,  an  area  of  4  square 
feet.  If  the  second  screen  is  moved  to 
3  yards,  the  illuminated  portion  will 
measure  3  feet  square,  representing  an 
area  of  9  square  feet;  at  4  yards  it  will 
measure  4  feet,  giving  an  area  of  16 
square  feet.  We  thus  see  that  the  space 
covered  by  the  light  increases  in  propor- 
tion to  the  square  of  the  distance,  while 
the  intensity  of  light  decreases  in  a  cor- 
responding degree.  To  put  the  matter 
more  clearly  to  those  who  have  not 
studied  the  subject — a  flame  at  a  given 
distance,  say  a  yard,  illuminates  a  given 
space,  say  a  foot  square,  but  at  four 
times  the  distance  the  illuminating  effect 
is  diffused  over  16  times  the  area,  or  16 
square  feet,  consequently  any  single 
square  foot  at  this  distance  gets  only  one- 
sixteenth  part  of  the  whole  quantity. 

I  do  not  propose  to  enter  into  any 
details  regarding  photometers,  all  of 
which  are  based  upon  this  principle,  but 
I  may  explain  the  mode  of  testing  by  a 
simple  illustration.  I  have  a  space  of 
100  inches,  with  a  candle  at  one  end.  and 
a  gas  flame  which  I  wish  to  test  at  the 
other.  I  have  a  greased  disc  moving 
freely  between  the  two,  and  by  a  little 
practice  I  can  place  it  in  a  position  in 
which  the  two  sides  are  equally  ilhuniuT 
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ated.  I  now  measure  the  difference  be- 
tween the  candle  and  the  disc,  and  find 
it  to  be  20  inches,  while  that  between  the 
gas  flame  and  the  disc  is  80  inches  ;  the 
square  of  20  is  400,  and  of  80,  6,400,  and 
the  one  divided  by  the  other,  gives  16 
candles  as  the  illuminating  power  of  the 
gas  flame.  In  practice,  the  photometer 
is  divided  so  as  to  give  the  ilhuninating 
power  by  direct  observation,  and  many 
details  require  to  be  minutely  attended 
to  in  order  to  obtain  reliable  results. 

We  are  in  the  habit  of  talking  of  cer- 
tain qualities  of  gas — 16  candles  in  Lon- 
don, 15  in  Birmingham,  14  in  Newcastle, 
26  in  Glasgow,  30  in  Edinburgh,  but 
these  are  not  the  values  of  the  gas  as 
burned  in  our  houses,  warehouses,  and 
shojDS,  but  as  burned  in  the  manner  cal- 
culated to  give  the  highest  illuminating 
power.  These  figures  show  the  possibil- 
ity of  gas  iUirniination,  and  represent  the 
goal  toward  which  we  should  strive.  I 
freely  admit  that  it  is  impracticable,  not 
to  say  impossible,  to  obtain  in  the  every- 
day practice  of  common  life,  results  as 
good  as  those  got  by  means  of  appliances 
the  most  perfect  for  developing  the  full 
photogenic  value  of  the  gas,  but  still  a 
great  deal  may  be  done  to  decrease  the 
reckless  waste  of  light  that  is  constantly 
going  on.  I  have  no  hesitation  in  saying 
that  from  12  to  14  candle  power  might 
be  obtained  in  every-day  life  from  what 
is  called  16-candle  gas.  "We  stand  in  a 
similar  position  with  regard  to  various 
forces  employed  for  practical  purposes. 
The  engineer  calculates  the  power  that 
should  be  obtained  by  the  falliug  of  a 
given  weight  of  water  through  a  given 
space,  but  the  practical  result  obtained  in 
a  water-wheel  always  falls  far  short  of 
the  theoretical  quantity.  In  like  man- 
ner, the  force  obtained  by  the  combustion 
of  one  pound  of  coal  in  the  boiler  of  a 
steam-engine  is  greatly  less  than  the  cal- 
culated figru-e.  Still,  mechanicians  strag- 
gle on  to  obtain  better  results,  and  we 
are  constantly  improving.  Some  of  the 
most  recent  forms  of  reaction  engines 
show  an  immense  improvement  on  the 
water  wheels  formerly  in  use,  while,  in 
regard  to  steam  power,  we  have,  in  the 
performance  of  the  best  descriptions  of 
compound  engines,  an  approach  to 
theory  which  was  formerly  deemed  im- 
possible of  attainment.  Such  inrprove- 
ments  represent  so  much  money  saved  to 


the  country;  and  it  is  equally  the  case 
with  gas,  but  with  this  addition,  that  a 
decreased  consumption,  with  the  same 
amount  of  light,  would  give  increased 
healthfulness  to  our  dwellings,  where 
the  products  of  the  combustion  of  gas 
constitute  an  evil  of  no  small  magnitude. 
It  has  been  said  that  the  man  who  causes 
two  blades  of  grass  to  grow  where  only 
one  grew  before,  is  a  benefactor  to  his 
country,  and  some  honor  is  due  also  to 
him  who  enables  us,  by  improvements  in 
the  steam-engine,  to  get  out  of  one 
pound  of  coal  the  power  which  formerly 
required  the  combustion  of  two  pounds, 
or,  who  teaches  us  how  to  obtain  from 
one  cubic  foot  of  gas  the  iUiuninating 
value  for  which  two  feet  had  previously 
been  expended. 

When  a  porcelain  slab  is  brought  over 
a  gas  flame  a  deposit  of  carbon  occurs: 
the  particles  exist  in  the  flame,  and  the 
contact  of  the  cold  slab  causes  their  in- 
stant deposition.  A  similar  effect  is  pro- 
duced by  a  current  of  cold  ah-  impinging 
upon  a  flame,  a  portion  of  which  is  thus 
cooled  down  below  the  temperature  nec- 
essary for  the  combustion  of  the  carbon, 
and  the  flame  thus  exposed  to  the  draught 
smokes,  that  is,  the  finely  divided  parti- 
cles of  carbon  pass  into  the  ah  uncon- 
sumed.  In  ordinary  circumstances,  the 
carbon  is  consumed  in  the  upper  portion 
of  the  flame,  and  if  the  jet  be  a  good  one, 
and  the  pressure  of  gas  not  too  low,  no 
smoke  is  produced.  In  the  Bunsen  burner 
the  gas  is  mixed  with  air  sufficient  to 
prevent  the  separation  of  the  carbon,  and 
hence  we  have  a  flame  which  is  valueless 
as  a  source  of  light,  but  convenient  for 
the  application  of  heat.  The  solid  parti- 
cles of  carbon  in  an  ordinary  gas  flame 
result  from  the  decomposition  of  the  de- 
fines and  other  compounds  rich  in  carbon, 
which  are  readily  decomposed  by  the 
action  of  heat.  The  same  thing  occurs  if 
coal  gas  be  passed  through  a  glass  tube 
heated  to  redness  ;  in  this  case  a  deposit 
of  carbon  in  the  interior  of  the  tube 
occurs  at  the  point  where  the  heat  is  ap- 
plied. In  gas  works  a  similar  effect  is 
produced  by  the  heating  of  the  impure 
gas  in  the  retorts,  in  which  a  deposit  of 
carbon,  sometimes  three  or  four  inches  in 
thickness,  is  formed.  This  carbon  was 
formerly  used  for  the  rods  or  pencils  em- 
ployed in  producing  the  electric  light. 
The  presence  of  the  particles  of  carbon  in 
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a  flame  renders  it  opaque,  and  the  degree 
of  opacity  varies  with  the  illuminating 
power.  At  the  bottom  of  a  flat  flame, 
where  the  oxygen  is  in  excess,  the  trans- 
parency is  such  that  a  printed  paper  may 
be  read  through  it  as  if  no  obstruction 
intervened,  but  the  upper  part  almost  en- 
tirely conceals  the  printing.  The  intensity 
of  light  depends  partly  upon  the  quantity 
of  the  carbon  particles,  and  partly  upon 
the  heat  of  the  flame  by  which  the  carbon 
is  brought  up  to  a  greater  or  less  degree 
of  incandescence.  Professor  Frankland 
has  shown  that  the  light  is  not  entirely 
due  to  the  separated  carbon,  and  that 
certain  chemical  compounds — gases  or 
vapors — from  which  carbon  does  not  sep- 
arate by  the  action  of  heat,  are  capable, 
under  some  conditions,  of  giving  luminous 
flames  when  burned  in  air.  For  all  prac- 
tical purposes,  however,  the  original 
proposition  of  Davy  may  be  accepted, 
that  the  light  is  radiated  from  highly 
heated  particles  of  solid  carbon.  When 
air  is  supplied  in  excess  to  a  flame,  as 
when  the  gas  escapes  through  a  fine  jet 
at  a  high  pressure,  there  is  little  separated 
carbon,  the  flame  is  transparent,  or  nearly 
so,  and  there  is  very  little  luminosity.  On 
the  other  hand,  when  the  flame  is  large 
and  sluggish,  and  the  air  in  contact  with 
it  is  insufficient,  the  solid  carbon  is  in 
excess,  and  a  part  of  it  escapes  unburnt, 
giving  rise  to-  a  smoky  flame,  in  which 
also  the  luminosity  may  be  low.  What 
we  have  to  strive  after  in  order  to  obtain 
the  greatest  possible  "  duty,"  as  mechani- 
cal engineers  would  call  it,  from  gas,  is  to 
burn  it  so  as  to  have  the  flame  as  hot  as 
possible,  and  as  near  the  smoking  point 
as  is  consistent  with  the  perfect  consump- 
tion of  the  carbon  in  the  upper  part  of 
the  flame.  In  few  words,  the  whole  sci- 
ence of  gas  lighting  is  the  obtaining  a 
bright  flame  without  smoke.  It  was  at 
one  time  time  accepted  as  an  axiom  that 
economy  in  gas  lighting  could  only  be 
obtained  by  the  use  of  large  burners,  and 
that  in  small  jets  the  contact  of  air  was 
necessarily  so  complete  that  only  a  feeble 
light  could  be  obtained.  But  this  is  only 
partially  true ;  more  precise  and  extended 
experiments  have  shown  that  the  lumin- 
osity depends  not  so  much  upon  the 
quantity  of  gas  as  upon  the  conditions 
under  which  it  is  burned.  In  the  case  of 
flat-flame  burners,  the  most  essential  ele- 
ment is  pressure,  a  high  initial  velocity 
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giving  a  low  illuminating  power,  and  vice 
versa.  I  may  give  a  few  illustrations 
from  my  own  experiments — the  gas  used 
being  of  26  candles  illuminating  power 
for  five  cubic  feet  per  hour.  In  all  the 
instances  I  am  about  to  quote  Bray's 
ordinary  union  jets  were  used.  The  gas 
gave  the  most  unfavorable  result  when 
the  smallest  burner  of  the  series,  No.  0, 
was  used  under  comparatively  high  press- 
ure— 1^  inches — two  cubic  feet  per  hour 
gave  an  illuminatng  effect  of  3.21  candles. 
or  calculated  to  the  standard  of  five  cubic 
feet  per  hour,  eight  'candles.  The  best 
result,  on  the  other  hand,  was  obtained 
with  a  No.  8  burner  at  one  inch  pressure, 
when  7.1  cubic  feet  gave  an  ilhuninating 
effect  of  40.63  candles,  or  for  5  cubic  feet, 
28.6  candles.  Here  is  a  striking  contrast, 
the  same  gas  giving  at  one  time  8-candle 
power  for  five  feet  an  hour,  at  another 
28.6,  the  jets  being  respectively  the  small- 
est and  the  largest  of  the  series  of  nine. 
But  let  us  now  take  the  same  quantity  of 
gas  under  varied  conditions  of  pressure, 
and  we  shall  see  .even  here  very  marked 
differences.  Three  cubic  feet  burned  at 
half-inch  pressure,  and  calculated  to  five 
feet  per  hour,  gave  25  candles ;  at  one 
inch  pressure,  19  candles  ;  and  at  1^-  inch, 
12-J-  candles.  Here  we  have  the  effect 
simply  of  pressure,  which,  in  the  case  of 
flat-flame  burners,  is  of  paramount  import- 
ance. When  common  gas  is  used,  the 
effect  of  pressure  is  even  more  remarka- 
ble, the  varieties  being  such  that  in  some 
cases  less  than  one  fourth  of  the  possible 
amount  of  light  producible  is  really  ob- 
tained. 

A  remarkable  effect  is  obtained  with  a 
mixture  of  cannel  gas  with  about  twice 
its  bulk  of  air.  At  a  low  pressure,  in  an 
Argand  jet  with  large  holes,  it  gives  a 
fairly  luminous  flame,  while  at  a  high 
pressure  (3  or  4  inches),  although  the. 
quantity  of  gas  consumed  is  three  times 
as  great,  the  flame  is  almost  totally  non-- 
lmninous,  and  has  a  greenish  tint.  The 
gas  used  somewhat  extensively  in  the 
United  States,  made  by  satvu-ating  air 
with  petroleum  spirit,  requires  to  be 
burned  at  a  pressiu'enot  exceeding  0.1  of 
an  inch,  which  can  be  obtained  only  with 
an  Argand  with  very  large  holes,  or  a 
bat's-wing  of  peculiar  construction,  called 
the  American  regidating  bat's-wing.  At 
ordinary  pressiu'es,  such  as  are  used  for 
coal  gas,  there  is  scarcely  any  light,  and 
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the  flame  keeps  about  a  J  inch,  or  more 
above  the  burner. 

It  is  not  only  on  the  score  of  economy  j 
that  it  is  desirable  to  burn  gas  in  such  a 
manner  as  to  afford  the  greatest  possible 
amount  of  light.  The  burning  of  a  mod- 
erate-sized jet  of  gas  produces  as  much 
carbonic  anhydride  as  the  breathing  of  j 
two  grown-up  men ;  and  as,  in  an  ordin- 
ary apartment,  we  have  usually  from 
three  to  six  of  these,  the  air  becomes  viti-  i 
ated  with  remarkable  rapidity.  It  is,  j 
therefore,  desirable,  in  relation  to  health, 
to  obtain  the  illumination  we  require  with 
the  least  possible  expenditure  of  gas. 
The  sulphur  in  gas  is  a  very  serious  draw- 
back to  its  use.  In  burning,  it  is  no 
doubt  formed  chiefly,  if  not  entirely,  into 
sulphurous  anhydride ;  but  it  is  soon  con- 
verted into  sulphuric  acid,  which  attacks 
with  avidity  all  the  more  readily  destruct- 
ible articles  in  the  apartment.  So  far 
back  as  40  years  since,  the  effects  of  the 
sulphuric  acid  arising  from  the  combus- 
tion of  gas  upon  the  binding  of  books 
and  many  articles  of  furniture  were  noted ; 
and  recent  experiments  have  shown  that 
leather,  paper,  etc.,  in  ill-ventilated  apart- 
ments, exposed  to  the  emanations  from 
burning  gas  for  a  series  of  years,  contain 
large  quantities  of  sulphuric  acid. 

There  are  several  qualities  of  gas  in 
use  in  this  country.  The  best  may  be 
described  as  Scotch  cannel  gas,  as  it  is 
made  only  in  Scotland,  where  the  ilium  in  - 
ating  power  varies  from  24  to  30  candles 
for  5  cubic  feet  per  hour  consumed  in  a 
union  or  fish-tail  jet :  the  average  may  be 
fairly  stated  as  26  candles.  In  London 
a  cannel  gas  is  used  in  small  proportion, 
the  illuminating  power  of  which  is  about 
23  candles ;  and  in  Liverpool,  Manchester, 
Carlisle,  and  probably  some  other  towns, 
an  intermediate  gas  is  manufactured,  the 
illuminating  power  of  which  is  about  20 
candles.  The  common  gas  in  London, 
and  most  other  Enghsh  and  Irish  towns, 
has  an  illuminating  power  of  14  to  16 
candles.  In  the  case  of  cannel  gas,  the 
standard  is  found  by  testing  the  gas  by  a 
union  jet  consuming  5  cubic  feet,  at  a 
pressure  of  0.5  of  an  inch,  while  the  com- 
mon gas  is  tested  by  Sugg's  "  London  " 
Argand,  consuming  5  cubic  feet  per  hour, 
at  a  pressure  of  about  0.05  of  an  inch. 

The  burners  at  present  in  use  may  be 
divided  into  the  four  following  classes : —  \ 
1.  Cockspur,   or  rat-tail.      2.    Union,    or 


fish-tail.  3.  Bats-wing.  4.  Argand.  Of 
each  of  these  there  are  a  number  of  mod- 
ifications. 

The  cockspur,  or  rat-tail  burner,  is  the 
simplest  possible  form  of  gas-jet,  and  it 
was  at  one  time  the  only  one  used  for 
burning  gas.  It  may  be  made  by  simply 
drawing  out  a  piece  of  glass  tube  and 
breaking  off  the  point  so  as  to  leave  an 
orifice  having  a  diameter  of  1  millimetre 
or  less ;  but  it  is  usually  constructed  of 
cast  iron,  which  is  drilled  as  wide  as  pos- 
sible from  the  bottom,  leaving  only  a  thin 
shell,  which  is  then  bored  with  a  fine 
drill.    Two  sizes  of  these  were  tested,  No. 

1  having  an  orifice  of  about  0.6,  and  No. 

2  of  about  0.75  millimetre.  These  jets 
are  used  in  Glasgow  for  lighting  common 
stairs,  and  the  larger  sizes  were  formerly 
employed  for  street  lamps,  but  are  now 
discarded  in  favor  of  union  jets.  The 
following  are  the  results  with  26-candle 
gas:— 
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These  figures  show  that  even  with  the 
larger  jets  no  more  than  60  per  cent,  of 
the  real  value  of  the  gas  can  be  obtained. 
I  have  tried  various  modified  forms  of  the 
jet,  some  having  "adamas  "  tips  and  con- 
tracted at  the  bottom,  or  otherwise  ob- 
structed so  as  to  diminish'the  pressure  at 
the  point  of  ignition,  but  they  did  not 
show  any  marked  superiority  over  those 
referred  to  above. 

When  two  rat-tail  jets  are  held  at  a 
right  angle  to  one  another,  the  lights 
coalesce  and  form  a  flat  sheet  of  flame. 
"When  this  discovery  was  first  made,  two 
burners  were  fitted  up  in  this  way,  but 
soon  a  single  burner  was  contrived  which 
combined  the  two,  and  hence  was  called 
a  "union  "  jet ;  it  is  also  known  as  a  fish- 
tail, from  the  resemblance  of  the  flame  to 
the  tail  of  a  fish.  It  is  a  short  cylindrical 
tube  with  a  flat  toja,  in  which  the  two 
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orifices  are  drilled  at  about  90  degrees  to 
one  another,  and  meeting  in  the  center. 
The  union  jet  is  much  improved  by  sub- 
stituting for  the  metal  top  porcelain  or 
stoneware,  the  principal  advantage  gained 
being  that  the  orifices  remain  clean  and 
constant  in  size,  while  those  of  iron  grad- 
ually rust  up  and  require  to  be  frequently 
cleaned  in  order  to  give  a  satisfactory 
light,  and  are  consequently  enlarged. 
Some  fish-tail  burners  are  made  entirely 
of  a  kind  of  stoneware  or  of  steatite,  but 
these  are  troublesome  to  remove  when 
they  get  broken.  The  best  form  of 
burner  is  that  with  a  brass  body  and 
porcelain  top.  Such  burners  are  made 
by  Leoni  of  London,  Bray  of  Leeds,  and 
other  makers,  but  usually  with  some 
means  of  reducing  the  pressure.  The 
fish-tail  burner  is  not  suited  for  burning 
at  a  high  pressure,  under  which  the  two 
flames  refuse  to  spread  out  into  a  flat 
sheet,  but  form  an  irregular  flame,  at  the 
same  tim%  emitting  a  most  disagreeable 
hissing  or  blowing  sound.  This  effect 
may  also  result  from  other  causes,  such 
as  a. sharp  bend  in  the  gas-supply  tube, 
a  speck  of  dust  in  one  of  the  orifices  of 
the  burner,  or,  in  fact,  anything  that  dis- 
turbs the  even  and  quiet  flow  of  the  gas. 
One'  singular  example  of  this  is  the  fol- 
lowing : — If  a  union  jet  is  burning  five 
cubic  feet  of  gas  at  0.5  inch  pressure,  and 
a  portion  of  gas  is  led  away  by  means  of 
a  tube  inserted  a  few  inches  below  the 
flame,  although  diminished  in  volume,  it 
immediately  begins  to  blow. 

In  testing  flat  flames,  the  custom  has 


invariably  been  to  present  the  flat  side  to 
the  disc  of  the  photometer ;  but,  although 
the  results  so  obtained  are  satisfactory  in 
comparing  one  flat  flame  with  another, 
they  cannot  fairly  be  compared  with  rat- 
tail  or  Argand  flames,  which  give  an  equal 
light  all  round.  The  edge  of  a  bat  flame 
gives  considerably  less  light  than  the  side, 
but  the  difference  between  the  two  de- 
pends very  much  upon  the  richness  of 
the  gas,  or,  in  other  words,  the  opacity 
of  the  flame.  The  following  example 
may  be  given : — A  union  jet,  consuming 
five  cubic  feet  of  cannel  gas,  at  0.5  inch 
pressure,  gave  a  light  of  27  candles  when 
tested  in  the  ordinary  manner  with  the 
flat  side  towards  the  photometer  disc; 
but  the  edge  gave  only  23  candles,  and 
when  rotated,  so  as  to  give  the  flame  in 
every  position,  the  average  result  was  as 
nearly  as  possible  26  candles,  showing 
that  the  ordinary  test  gave  one  candle  too 
much,  or  nearly  4  per  cent.  In  the  case 
of  paraffin e  flat-flame  lamps,  the  difference 
between  the  front  of  the  flame  and  the 
average  all  round  varies  from  4  to  10  per 
cent.  In  the  latter  case,  the  flame  is  in- 
tensely opaque,  and  of  a  deep  yellow 
color.  All  the  figures  given  in  this  paper 
refer  to  the  flat  side  of  the  flame,  and 
this  must  be  borne  in  mind  in  comparing 
flat  with  round  flames. 

The  following  Table  gives  the  results 
obtained  with  Bray's  union  jets,  without 
obstruction  to  retard  the  flow  of  gas  and 
reduce  its  pressure.  Gas  by  ordinary 
test,  26  candles:— 
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This  Table  gives  instructive  informa- 
tion as  to  the  effects  of  mass  or  quantity 
of  gas  and  of  pressure.  As  regards  mass, 
we  see  that  at  the  same  pressure  the 
light  afforded  by  5  cubic  feet  of  gas  per 
hour  varies  from  8£  to  26  candles,  accord- 
ing to  the  quantity  burned,  the  lowest 
result  being  obtained  with  about  1  cubic 
foot  per  hour,  and  the  highest  with  5 
cubic  feet.  This  last  result — i.e.,  26  can- 
dles for  5  cubic  feet  of  gas  per  hour, 
burned  in  a  union  jet  at  0.5-inch  pressure, 
is  taken  as  the  standard  of  comparison  in 
all  the  experiments  on  cannel  gas.  The 
ratio  of  illuminating  power  to  quantity  is 
nearly  the  same  at  higher  pressures,  and 
there  is  no  difficulty  in  deducing  the  gen- 
eral law  that  the  value  in  illuminating 
effect  per  cubic  foot  of  gas  increases  with 
the  mass  of  the  flame. 

The  effects  of  pressure  are  not  less 
striking,  and  might  have  been  more  so 
had  the  gas  been  tested  at  lower  pressures 
than  0.5-inch  and  higher  than  1.5-inch. 
The  results  obtained  with  a  jet  consum- 
ing 5  cubic  feet  per  hour  gave  26  candles 
at  the  low  pressure,  and  only  16.6  at  1.5- 
inch,  showing  a  loss  of  lighting  power 
amounting  to  about  36  per  cent. ;  3  feet 
per  hour,  calculated  to  5  feet,  gave  at  the 
low  pressure  21  candles,  at  the  high  press- 
ure 12.3  candles;  the  burner  being  a 
No.  4  in  the  one  case,  and  a  No.  2  in  the 
other.  The  medium  pressure  gave  re- 
sults intermediate  between  these.  At  the 
higher  pressures  some  of  the  larger  sized 
burners  became  useless,  as  already  ex- 
plained. 

As,  in  practice,  it  is  found  impossible 
to  distribute  gas  at  a  pressure  of  less 
than  12  or  15-10ths  of  an  inch  of  water, 
various  contrivances  for  breaking  the 
force  of  the  gas  have  been  invented. 
Among  union  jets  of  this  kind,  the  sim- 
plest, perhaps,  is  that  of  Leoni,  consist- 
ing of  a  brass  and  an  iron  tube,  which  fit 
into  one  another,  and  between  which  a 
thin  film  of  cotton  wool  is  placed.  This 
is  a  very  good  burner,  but  it  cannot  be 
depended  upon  for  delivering  exact  quan- 
tities of  gas.  Bray  has  constructed  a 
very  good  burner,  similar  to  those  already 
mentioned,  but  having  a  double  ply  of 
cotton  cloth  stretched  across  a  metal  ring 
placed  in  the  tube,  in  order  to  relieve  the 
pressure.  The  same  manufacturer  has 
more  recently  invented  another  burner, 
in  which  the  reduction  of  pressure  is  at- 


tained by  passing  the  gas  through  an 
orifice  in  a  porcelain  plate  cemented  into 
the  lower  part  of  the  burner.  He  calls 
these  "  Special "  burners,  and  they  are  of 
two  kinds — one  intended  for  general  use, 
and  the  other  for  street  lamps,  in  which 
the  orifices  are  somewhat  smaller,  and  in 
which,  consequently,  the  pressure  is  fur- 
ther reduced.  Morley's  patent  burner  is 
of  brass  and  vase-shapecl,  with  a  porcelain 
top,  and  at  the  bottom  one  or  two  small 
orifices  in  the  metal  for  admitting  the 
gas.  Wilhamson's  jet  is  similar  in  prin- 
ciple, but  more  complicated  in  construc- 
tion. Da  Costa's  burner  consists  of  a 
hollow  vase  stuffed  with  iron  turnings, 
into  which  an  ordinary  iron  union  jet  is 
screwed.  There  are  others,  but  all  have 
the  same  object  in  view,  and  the  simpler 
and  cheaper  burners,  such  as  Leoni's  and 
Bray's,  accomplish  it  as  successfully  as 
those  of  more  complicated  construction, 
and  these  have,  therefore,  been  selected 
for  a  series  of  comparative  trials,  all  be- 
ing made  with  26-candle  gas.  Some  of 
the  burners  referred  to  are  called  regu- 
lators, but  this  is  a  mere  name,  for  it  is 
obvious  that  they  merely  obstruct  the 
flow  of  the  gas,  the  quantity  delivered 
rising  as  the  pressure  is  increased.  In 
Bray's  "  Special "  burner  the  two  holes 
forming  the  "rrnion"  jet  are  placed  at  an 
angle  of  120°. 

In  both  series  of  the  "Special"  burn- 
ers, in  which  the  pressure  is  much  re- 
duced, the  best  results  are  obtained  at  1- 
inch  pressure,  while,  at  .5  inch,  the  flames 
are  siuggish,  and,  in  some  cases,  show  a 
tendency  to  smoke.  This  is  not  the  case, 
however,  when  common  gas  is  used. 

Mr.  Holdsworth,  of  Bradford,  has  in- 
troduced a  simple  arrangement  which  he 
calls  a  gas-feeder,  which  has  been  adopted 
rather  extensively  in  the  manufacturing 
towns  of  Yorkshire.  It  is  simply  a  little 
wedge-shaped  piece  of  lead  pierced  in 
the  centre  with  a  hole,  the  area  of  which 
is  less  than  that  of  the  holes  in  the  burn- 
er, and  this  is  fixed  in  the  gas  pipe,  sev- 
eral inches  from  the  burner.  Several 
sizes  are  made,  to  suit  varying  circum- 
stances of  local  pressure,  as  well  as 
different  sizes  of  burners,  and  if  fitted 
up  by  an  intelligent  workman,  they  ac- 
complish the  end  in  view  very  success- 

fully- 

Many  years  ago,  Mr.  Scholl,  of  Lon- 
don,  adopted  the    system  of   placing  a 
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Bray's 

'Regulator"  Union  Jets  for  Cannel  Gas. 

At  0.5  Inch  Pressure. 

At  1.0  Inch  Pressure. 

At  1.5  Inch  Pressure. 

No.  of 

Illumin- 

Illumin- 

Illumin- 

Burner 

Gas  per 
Hour. 

Illuminat- 
ing 
Power. 

ating 
Power 
per  Five 
Cubic 
Feet. 

Gas  per 
Hour. 

Illuminat- 
ing 
Power. 

ating 
Power 
per  Five 
Cubic 
Feet. 

Gas  per 
Hour. 

Illuminat- 
ing 
Power. 

ating 
Power 
per  Five 
Cubic 
Feet. 

0 

1.00 

2.72 

13.6 

1.50 

3.13 

10.4 

2.00 

3.21 

8.0 

1 

1.15 

3.75 

16.3 

1.80 

4.30 

11.9 

2.45 

4.40 

9.0 

2 

1.50 

5.63 

18.7 

2.30 

7.25 

15.8 

3.00 

7.60 

12.6 

3 

1.80 

7.97 

22.1 

2.75 

10.11 

18  4 

3.55 

11.37 

16.0 

4 

2.40 

11.26 

23.4 

3.60 

15.21 

21.1 

4.30 

15.32 

17.8 

5 

2.60 

12.76 

24.5 

4.35 

20.40 

23.4 

5.10 

22.19 

21-.  7 

6 

3.15 

15.95 

25.3 

4.95 

25.42 

25.7 

5.80 

27.51 

23.8 

7 

3.80 

20.07 

26.4 

6.05 

32.75 

27  1 

gas  blows. 

8 

4.70 

24.76 

26.3 

7.10 

40.63 

28.6 

Bray's  "Special"  Union  Jets  for  General  Use. 


At  0.5  Inch  Pressure. 

At  1.0  Inch  Pressure. 

At  1.5  Inch  Pressure. 

No.  of 

Illumin- 

Illumin- 

niurain- 

Burner 

Gas  per 
Hour. 

Illuminat- 
ing 
Power. 

ating 
Power 
per  Five 
Cubic 
Feet. 

Gas  per 
Hour. 

Illuminat- 
ing 
Power. 

ating 
Power 
per  Five 
Cubic 
Feet. 

Gas  per 
Hour. 

Illuminat- 
ing 
Power. 

ating 
Power 
per  Five 
Cubic 
Feet, 

0 

1.44 

5.51 

19.13 

2.16 

9.22 

21.34 

2.59 

10.80 

20.85 

1 

1.55 

6.11 

19.71 

2.36 

10.33 

21.88 

2.87 

12.00 

20.91 

2 

1.86 

7.50 

20.16 

2.76 

12.38 

22.43 

3  36 

14.51 

21.59 

3 

2.10 

8.90 

21.19 

3.10 

14.27 

23.01 

3.75 

17.29 

23.11 

4 

2.44 

10.94 

22.42 

3.62 

17.69 

24.43 

4.41 

20.83 

23.60 

5 

2.71 

13.39 

24.70 

4.13 

21.13 

25.58 

5.16 

26.17 

25.36 

6 

3.12 

15.42 

24.71 

4.76 

24.40 

25.63 

5.71 

28.66 

25.09 

7 

3.63 

18.43 

25.39 

5.51 

28.65 

26.00 

6.70 

34.33 

25.62 

8 

4.28 

22.26 

26.00 

6.39 

34.37 

26  89 

7.92 

40.67 

25.67 

Bray's  "Special"  Union  Jets  for  Street  Lamps. 


At  0.5  Inch  Pressure. 

At  1.5  Inch  Pressure. 

At  1.0  Inch  Pressure. 

No.  of 

Illumin- 

Illumin- 

Illumin- 

Burner 

Gas  per 
Hour. 

Illuminat- 
ing 
Power. 

ating 

Power 

per  Five 

Cubic 

Gas  per 
Hour. 

Illuminat- 
ing 
Power. 

ating 

Power 

per  Five 

Cubic 

Gas  per 
Hour . 

Illuminat- 
ing 
Power . 

ating 

Power 

per  Five 

Cubic 

Feet. 

Feet . 

Feet. 

0 

1.30 

4.85 

18.65 

1.96 

8.22 

20.97 

2.34 

9.70 

20.73 

1 

1.46 

6.04 

20.68 

2.21 

9.57 

21.65 

2.63 

11.45 

01.77 

2 

1.73 

7.28 

21.04 

2.56 

12.00 

23.44 

3.01 

14.86 

24.68 

3 

2.07 

9.36 

22.61 

3.00 

14.64 

24.40 

3.57 

17  63 

24.69 

4 

2.24 

10.73 

23.95 

3.33 

16.57 

24.88 

4.05 

20.39 

25.17 

5 

2  68 

13.15 

24.53 

4  08 

21.17 

25.94 

4.85 

25.67 

26.46 

6 

2.97 

14.77 

24.86 

4.45 

23.73 

26.66 

5.37 

28.87 

26. 8S 

7 

3.44 

17.37 

25.25 

5.31 

28.36 

26.61 

6.43 

34.32 

26.69 

8 

3.84 

19.21 

25.01 

5.92 

31.22 

26.37 

7.23 

37.32 

25.81 
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sniall  piece  of  platinum  between  the  two 
orifices  of  the  union  jet,  the  result  being 
that  the  initial  velocity  with  which  the 
gas  escapes  is  spent  by  striking  against 
this  plate,  and  the  gas  ascends  in  a  some- 
what sluggish  flame,  which,  hi  the  case 
of  cannel  gas,  has  a  tendency  to  smoke, 
and  is  easily  blown  about  by  currents  of 
air.  This  is  the  case  also  with  all  union 
jet  flames  burned  at  very  low  pressures. 
and,  practically,  a  jet  of  this  kind  cannot 
be  burned  much  below  3-10ths  or  4.10ths 
for  small  sizes,  and  5-10ths  for  large 
sizes  consuming  four  or  five  cubic  feet  per 
hour.  Scholl's  "  perfecter,"  as  he  has 
called  it,  has  been  used  extensively  in 
London  and  other  towns  for  common  gas, 
but  it  is  not  suitable  for  the  richer  gas 
used  in  Scottish  towns. 

A  flame  formed  by  a  jet  of  gas  issuing 
with  considerable  velocity  possesses  a 
certain  degree  of  stiffness,  and  resists, 
to  some  extent,  the  influences  of  currents 
of  air.  This  is  particularly  necessary  in 
the  case  of  cannel  gas,  since,  whenever 
the  flame  is  much  deflected  by  air  cur- 
rents, a  portion  of  the  carbon  arising 
from  the  heating  of  the  richer  hydrocar- 
bons  {e.g.  olefmes,  benzole,  &c.)  passes 


off  unconsumed,  and  a  smoky  flame  is  the 
result.  In  practice,  it  is  necessary  to 
sacrifice  a  certain  proportion  of  the  pos- 
sible illuminating  value,  in  order  to  give 
the  flame  sufficient  stiffness  to  resist 
currents  of  air. 

Next  to  the  union  jet,  the  "  bat's-wing  " 
is  that  most  commonly  used  for  burning 
gas.  It  is  simply  a  little  tube  closed  at 
one  end,  in  which  a  straight  slit  is  cut, 
varying  in  breadth  from  about  2-10ths  to 
one  millimetre.  It  is  made  of  cast-iron, 
brass,  porcelain,  or  steatite;  the  best 
form  being  that  having  a  brass  body  and 
steatite  top.  The  flame  of  the  bat's-wing 
is  wider  and  shorter  than  that  of  the 
union  jet,  and,  in  order  to  be  equally 
effective,  requires  to  be  burned  at  lower 
pressures.  It  is  particularly  adapted  for 
large  flames  "biu-ning  from  3^-  to  5  cubic 
feet  of  gas  per  hour.  "With  rich  cannel 
gas  (25  to  30  candles)  it  gives  results  at 
least  equal  to  the  union  jet,  and  with  gas 
of  18  to  22  candles,  it  is  decidedly  supe- 
rior. 

The  following  table  gives  the  results 
of  tests  of  a  series  of  steatite  bat's-wing 
burners  manufactured  in  Germany.  Gas, 
26  candles: 


AtO 

5  Inch  P 

•essure. 

At  1.0  Inch  Pressure. 

At  1.5  Inch  Pressure. 

o 
a 

3 

pq 

o 
6 

Gas  per  hour. 

Illuminating 
Power. 

Illuminating 

Power  per 

Five  Cubic  Feet. 

Gas  per  hour. 

Illuminating 
Power. 

Illuminating 

Power  per 

Five  Cubic  Feet. 

a 

o 
S 

CO 

O 

to 
a 

'«! 

So 

3P4 
1— 1 

Illuminating 

Power  per 

Five  Cubic  Feet. 

2 
3 

4 
5 
6 

1.10         4  24 
1.45         5.68 
1.90         8.76 
3.40       16.18 
4.(5       19.09 

19.27 
19.58 
23.05 
23.80 
23.57 

2.35 
2.65 
3.10 
5.20 

9.05 

10.02 

12,71 

24  07 

Gas  blows. 

19.25 
18.90 
20.50 
23.14 

3.15 
3.55 
4.00 

11.56 
13.20 
15.41 

Gas  blows. 

18.35 
18.59 
19.26 

The  considerable  loss  of  light  experi- 
enced when  gas  is  consumed  in  bat's  wing 
burners  at  any  but  comparatively  low 
pressure,  has  given  rise  to  many  efforts 
to  combine  with  the  jet  an  apparatus  to 
reduce  the  pressure  of  the  gas  before  it 
issues  from  the  narrow  slit.  Various 
burners  having  obstructions  have  been 
constructed,  of  which  Bronner's  is  one 
of  the  best  known,  It  consists  of  a 
somewhat  pear  shaped  brass  body,  with  a 


steatite  top,  similar  to  those  of  which 
the  results  are  given  above,  and  at  the 
bottom  a  small  piece  of  steatite  in  which 
is  an  oblong  slot.  There  are,  for  cannel 
gas,  six  sizes  of  bodies,  the  sizes  depend- 
ing upon  the  area  of  the  slots,  and  five 
sizes  of  tops  ;  and  as  these  screw  into  one 
another,  there  are  30  possible  combina- 
tions. In  none  of  these  combinations 
does  the  pressure  of  the  gas  at  the  point 
of  ignition,  exceed  0.5  of  an  inch  with  an 


GAS   ILLUMINATION. 


327 


initial  pressure  of  1.5  inch,  while  in  some 
it  is  only  0.2,  and  in  some  it  is  so  low 
that  the  flame  smokes  and  is  useless. 
The  rate  of  combustion  is  dependent  on 
three  conditions — first,  the  area  of  the 
opening  at  the  bottom ;  secondly,  the 
area  of  the  slit  in  the  burner ;  and 
thirdly,  the  initial  pressure  of  the  gas. 
The  range  of  combinations  enables  one 
to  select  a  burner  to  suit  almost  any  de- 
scription of  gas  or  any  standard  of  press- 
ure. The  accompanying  table  gives  the 
results  of  tests  at  1  inch  and  1.5  inch, 


with  26  candles.  The  burners  are  not 
adapted  for  lower  pressures  than  1 
inch. 

For  common  gas  (i.e.,  of  14  to  16  can- 
dles) a  different  series  of  tops  is  provided, 
in  which  the  areas  are  considerably 
greater  than  in  those  made  for  cannel 
gas,  and  in  which  the  pressure  is  reduced 
to  from  0.1  to  0.3  of  an  inch.  These 
burners  cannot  be  used  with  cannel  gas, 
although  with  common  gas  they  are  ex- 
ceedingly effective,  and  are  much  in  use, 
especially  in  London : 


Bronner's  Burners  for  Cannel  Gas. 


At  1.0  Inch  Pressure. 

At  1.5  Inch  Pressure. 

Illumin- 

Illumin- 

No. of 

No.  of 

Cubic 

Illumin- 

ating 
Power 

No.  of 

No.  of 

Cubic 

Feet  per 

Hour. 

Illumin- 

ating 
Power 

Burner. 

Top. 

Feet  per 
Hour. 

ating 
Power. 

per  Five 
Cubic 

Burner. 

Top. 

ating 
Power. 

per  Five 
Cubic 

Feet. 

Feet. 

2 

2 

1.20 

5.07 

24.13 

2 

2 

1.40 

5.25 

18.75 

2 

3 

1.40 

6.64 

23.71 

2 

3 

1.95 

7.37 

18.90 

2 

4 

Smokes 

2 

4 

2.30 

10.33 

22.46 

2 

5 

" 

2 

5 

2.40 

11.24 

23.42 

2 

6 

" 

2 

6 

Smokes 

24 

2 

1.40 

5.53 

19.75 

24 

2 

1.90 

8.30 

21  84 

H 

3 

1.70 

8.48 

24.94 

24 

3 

2.30 

10.14 

22.04 

24 

4 

2.03 

10.33 

25.49 

2  i 

4 

2.70 

12.08 

22.37 

24 

5 

Smokes 

2i 

5 

2.85 

14.29 

25.07 

24 

6 

t( 

24 

6 

3.00 

15.21 

25.35 

3 

2 

1.45 

6.27 

21.62 

3 

2 

2.00 

8  48 

21.20 

3 

3 

1.90 

8.66 

22.89 

3 

3 

2.50 

11.34 

23.63 

3 

4 

2.13 

11.24 

26.39 

3 

4 

2.80 

14.84 

26.50 

3 

5 

Smokes 

3 

5 

3.15 

17.04 

27.2) 

3 

6 

" 

3 

6 

3.25 

18.07 

27.80 

33 

2 

1.50 

5.81 

19.36 

3* 

2 

2.12 

8.85 

20.87 

8* 

3 

1.95 

8.30 

21.28 

3* 

3 

2.55 

12.63 

24.76 

34 

4 

2.55 

12.08 

23.68 

34 

4 

3.00 

14.47 

26.12 

34 

5 

2.80 

14.38 

25.68 

3* 

5 

3.50 

18.07 

25.81 

34 

6 

3.00 

15.38 

25.97 

34 

6 

3.60 

19.45 

27.01 

4 

2 

1.60 

6.36 

19.87 

4 

2 

2.30 

9.77 

21.24 

4 

3 

2.10 

10.69 

25.45 

4 

3 

2.90 

13.83 

23.84 

4 

4 

2.65 

13.37 

25.23 

4 

4 

3.30 

17.06 

25.85 

4 

5 

3.45 

17.61 

25.52 

4 

5 

4.10 

21.57 

26.30 

4 

6 

3.55 

18.07 

25.45 

4 

6 

4.20 

22.40 

26.66 

5 

2 

1.77 

7.38 

20.85 

5 

2 

2.60 

9.68 

18.81 

5 

3 

2.30 

11.90 

25.87 

5 

3 

3.30 

13.64 

20.67 

5 

4 

3.30 

15.40 

23.33 

5 

4 

4.00 

19.91 

24.14 

5 

0 

4.10 

20.74 

25.29 

5 

5 

5.00 

25.36 

25.36 

5 

6 

4.30 

22.68 

26.37 

5 

6 

5.30 

27.66 

26 .  10 

This  table  shows  that  it  is  easy,  with  I  effect  of  illumination  exhibited  in  the 
properly  adjusted  bat's-wing  burners,  to  standard  mode  of  testing  already  referred 
obtain,  with  a  consumption  of  from  3  to  to  ;  and  that,  even  with  a  consumption  of 
5  cubic  feet  per  hour,  at  least  the  full  I  2  cubic  feet,  a  very  favorable  result  may 
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be  obtained.  In  no  case  is  the  loss  of 
light  with  bat's-wing  burners  so  great  as 
with  badly  arranged  union  jets. 

Many  other  descriptions  of  improved 
bat'-wings  have  been  constructed,  some 
of  which  I  have  tested.  The  "  Clegg  " 
bat's- wing,  manufactured  by  Sugg,  has  a 
steatite  top,  and  a  conical  brass  body 
closed  at  the  bottom,  and  with  a  slit  cut 
in  it  with  a  fine  saw.  The  respective 
sizes  of  the  slits  abo've  and  below  deter- 
mine the  consumption  of   gas   and   the 


pressure  at  the  point  of  ignition.  In 
Silber's  bat's-wing  made  by  the  Silber 
Light  Company,  one  burner  is  placed 
above  another,  both  being  of  steatite,  the 
slit  of  the  lower  one  being  much  smaller 
than  that  of  the  upper,  and  connected  by 
a  vase  of  brass.  Only  the  three  smallest 
sizes  of  these  are  suitable  for  rich  cannel 
gas,  the  larger  ones  being  intended  for 
gas  of  lower  quality.  The  result  obtained 
with  26-candle  gas  are  'given  in  the  fol- 
lowing- table  : 


Clegg  and  Silber  Bat's-wings. 


At  0.5  Iucli  Pressure." 

At  1.5  Inch  Pressure. 

At  1.0  Inch  Pressure. 

Illumin- 

Illumin- 

Illumin- 

Gas 

Illumin- 
ating 
Power. 

ating 

Gas 

Illumin- 

ating 

Gas 

Illumi  n  - 

ating 

Power 

per 

ating 

Power 

per 

ating 

Power 

Burner. 

Hour. 

per  Five 
Cubic 

Hour. 

Power. 

per  Five 
Cubic 

Hour. 

Power. 

per  Five 
Cubic 

Feet. 

Feet. 

Feet. 

Clegg  No.  2. 

2.00 

9.15 

22.87 

3.40 

14.77 

21.72 

4.45 

18.30 

20.56 

Do.      "    3. 

2.90 

13.00 

22.41 

4.45 

21.11 

23.72 

5.70 

27.04 

23.72 

Do.      "    4. 

4.20 

20.37 

24.25 

6.45 

31.20 

24.19 

— 

Blows. 

— 

Do.      "    5. 

4.80 

23.92 

24.92 

— 

Blows. 

— 

— 

" 

— 

Silber  A. . . . 

0.95 

3.07 

16.16 

1.50 

6.31 

21.03 

1  90 

10.03 

26.40 

"       B.... 

1.55 

7.34 

23.68 

2.35 

12.07 

25.68 

3.00 

15.04 

25.07 

"     a... 

2.20 

11.24 

25.54 

3.30 

17.27 

26.17 

4.25 

23.12 

27.20 

|~:  Several  varieties  of  regulating  bat's- 
wings  have  been  invented  by  Sugg, 
Witthoft,  Winsor,  and  others,  the  princi- 
ple of  their  construction  being  to  check 
the  flow  of  gas  by  means  of  a  plug  regu- 
lated by  a  screw.  At  a  given  pressure  in 
the  pipes  the  burners  may  be  regulated 
to  deliver  any  desired  quantity  of  gas,  and 
in  the  experiments  on  the  Winsor  and 
Sugg  burners  quoted  below,  they  were 
regulated  so  as  to  bum  the  number  of 
cubic  feet  per  hour  corresponding  with 
the  numbers  marked  on  the  burners.  Gas 
used  equal  to  26  candles: — 

Sugg's  "Winsor"  Bat's-wing. 


No. 

Gas  per 
Hour. 

Bluminating 
Power. 

Illuminating 

Power  per  Five 

Cubic  Feet. 

2 
3 
4 
5 

2 

3 
4 
5 

9.60 
15.00 
19.87 
25.20 

24.00 
25.00 
24.84 
25.20 

Sugg's  Regulating  Bat's-wing. 


No. 


Gas  per!  Illuminating 
Hour.  !      Power. 


Illuminating 

Power  per  Five 

Cubic  Feet. 


9.20 
15.34 
19.90 
24.75 

28.74 


23.00 
25.56 

24.88 
24.75 
23.95 


If  two  bat's-wing  flames  are  brought 
together,  especially  if  the  slits  be  narrow, 
the  gas  of  low  quality,  and  the  pressure 
somewhat  high,  the  illuminating  power 
of  the  united  flame  is  greatly  in  excess 
of  the  sum  of  the  two  tested  separately. 
Upon  this  principle  is  constructed  a 
double-slit  bat's-wing,  the  slits  being 
about  one  millimeter  apart,  which  is 
used  in  Manchester  and  other  towns  in 
England,  and  which  is  an  excellent 
burner  for  gas  not  exceeding  20-candle 
power,  but  gives  a  somewhat  smoky 
flame  with  gas  of  high  quality. 

The  only  other  bat's-wing  that  requires 
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further  to  be  noticed,  is  the  patent  regu- 
lating bat's-wing  used  in  the  United 
States  of  America,  where  it  was  intro- 
duced in  1871,  and  which  is  practically 
the  only  flat-flame  burner  capable  of 
burning  advantageously  the  "air  gas," 
made  by  saturating  air  with  the  vapor  of 
petroleum  spirit.  It  consists  of  a  very 
much  elongated  iron  bat's-wihg,  with 
exceedingly  narrow  slit,  surrounded  by  a 
brass  tube  at  the  distance  of  about  2 
millimeters.  Into  the  space  between  the 
two,  gas  is  admitted  by  a  wide  orifice  (the 
amount  being  regulated  by  a  screw),  and 
this  gas  ascends  entirely  without  press- 
ure, while  the  force  of  the  gas  issuing 
from  the  narrow  slit  spreads  it  out  into 
a  fine  soft  flame.  Tins  burner  gives 
excellent  results  with  gas  of  all  qualities, 
but  its  shape  is  not  adapted  to  the  gas- 
fittings  in  use  in  this  country,  and  it  has 
not  been  used  here  except  for  air  gas 
made  for  private  houses. 

Argand  burners  are  exclusively  used 
in  the  j)hotometric  testing  of  common 
gas,  and  they  are  also  employed  rather 
extensively  for  lighting  shops  and  public 
buildings,  but  to  a  limited  extent  for 
private  houses.  They  give  a  higher 
photometric  effect  with  common  gas 
than  any  flat-flame  burner  known ;  and 
even  with  cannel  gas,  the  best  descrip- 
tions, especially  those  of  Sugg  and 
Silber,  give  results  which  approach  very 
near  to  those  obtained  when  the  gas  is 
tested  at  a  comparatively  low  pressure 
by  large-sized  fish-tail  or  bat's-wing 
burners. 

The  original  form  of  Argand  was  a 
brass  double  cylinder  with,  above,  an 
iron  ring  perforated  with  small  holes, 
and  below,  a  "crutch"  or  forked  tube,  by 
which  the  gas  was  introduced  at  opposite 
sides.  A  wide  and  short  glass  chimney 
was  used,  but  this  was  afterwards  modi- 
fied in  a  variety  of  ways  with  a  view  to 
making  the  current  of  air  impinge  more 
directly  upon  the  flame,  and  so  increase 
the  intensity  of  combustion.  The  holes 
being  small,  the  gas  escaped  at  a  com- 
paratively high  pressure ;  and  the  charac- 
ter of  the  flame,  both  as  to  volume,  shape, 
and  luminosity,  depended  partly  upon 
the  initial  velocity  with  which  the  gas 
escaped  from  the  burner,  and  partly 
upon  the  shape  and  dimensions  of  the 
funnel.  The  enlargement  of  the  holes, 
enabling  the  gas  to  escape  at  a  moderate 


pressure,  was  proposed  by  the  late  Dr. 
Letheby,  who  was  associated  with  Mr. 
Sugg,  by  whom  a  great  many  improve- 
ments in  Argand  burners  have  been 
introduced.  The  Letheby  burner  raised 
the  apparent  quality  of  London  gas  from 
12  to  14  candles,  and  a  further  increase 
of  two  candles  was  obtained  by  Sugg's 
"London"  Argand,  now  generally  ac- 
cepted as  the  standard  burner  for  testing 
gas  made  from  common  coal.  In  this 
burner  the  principle  is  recognized  of  per- 
mitting the  gas  to  escape  practically 
without  pressure,  the  shape  and  volume 
of  the  flame  being  determined  by  the 
narrow  funnel  and  a  "  cone "  of  thin 
metal,  which  serves  to  throw  the  current 
of  air  into  close  contact  with  the  outside 
of  the  flame.  The  upper  portion  of  the 
burner  is  of  steatite,  and,  instead  of  the 
ordinary  "crutch"  below,  the  gas  is  in- 
troduced by  three  very  narrow  tubes.  A 
number  of  sizes  of  this  burner  are  made, 
of  which  details  are  given  below ;  but  the 
following  are  the  various  dimensions  of 
the  standard  burner  used  in  photometry: 
Diameter  of  steatite  top,  external,  0.81 
inch;  internal,  0.47  inch;  number  of 
holes,  24;  diameter  of  holes,  .04  inch; 
chimney,  6  X  If  inches  for  gas  of  14 
candles,  and  6x2  for  gas  of  16  candles. 
The  narrow  funnel  and  the  cone  restrict 
the  quantity  of  air  to  very  little  more 
than  is  required  to  burn  the  gas,  thus 
avoiding  the  diminution  of  light  which 
results  from  a  too  rapid  combustion  of 
the  gas,  and  the  cooling  effect  of  a  large 
volume  of  air.  The  pressure  of  the  gas 
inside  the  steatite  top  is  considerably 
less  than  0.1  of  an  inch,  and  that  re- 
quired to  pass  five  feet  per  hour  through 
the  complete  burner  is  about  0.2  of  an 
inch. 

In  the  burner  introduced  by  Mr.  A.  M. 
Silber,  the  steatite  top  with  wide  holes 
(about  one  millimeter,  or  .04  inch)  is  also 
adopted ;  but  the  body  of  the  burner  is 
considerably  elongated,  and  the  so-called 
"cone"  is  long  and  cylindrical,  with  a 
curved  top.  A  very  essential  feature  in 
the  Silber  Argand  is  an  air-tube  intro- 
duced into  the  center  of  the  jet.  which  is 
said  to  carry  a  portion  of  the  air  to  the 
upper  part  of  the  flame,  and  which  cer- 
tainly has  a  remarkable  effect  in  steady- 
ing it.  The  chimney  is  8  X  If  inches. 
and,  in  consequence  of  the  form  of  the 
"cone,"  is  kept  so  cool  at  the  bottom 
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that  it  may  be  handled  "without  difficulty 
while  the  flame  is  burning.  Chimneys  of 
10  inches  high  are  also  used,  but,  while 
the  consumption  of  gas  is  thereby  in- 
creased, the  illuminating  power  per 
cubic  foot  of  gas  remains  almost  quite 
constant.  Mr.  Silber  has  discovered  the 
remarkable  fact  that  a  globe  or  vase 
placed  below  his  Argand  increases  the 
illuminating  power  considerably,  and  I 
have  had  an  opportunity  of  verifying  his 
statement,  both  as  to  common  and  cannel 
gas,  the  increase  with  the  former  being 
about  a  candle,  and  with  the  latter  about 
1£  candles.  The  effect  of  placing  a  vase 
below  an  ordinary  union  jet  was  also 
tried,  but  no  increase  of  light  was  ob- 
tained, while  the  flame  showed  a  distinct 
tendency  to  "blow."  The  flame  of  the 
Argand  should  have  its  illuminating 
power  increased  6  per  cent,  by  passing 
the  gas  through  a  glass  vase  (or  cylindi- 
cal  metal  box,  which  answers  the  pur- 
pose equally  well)  is  a  phenomenon 
which  appears  to  be  at  present  incapable 
of  explanation. 

The  following  table  gives  the  results 
of  photometric  tests  of  various  Argand 
burners,  with  cannel  gas  of  26  candles 
illuminating  power.  From  3  to  4  cubic 
feet  of  gas  per  hour  were  burned  in  each 
case,  and  the  result  calculated  to  the 
usual  standard  of  5  feet  per  hour. 
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various  Argands  in  order  to  test  the 
effect  produced  by  the  cone  and  center 
tube  of  the  Silber  burner. 
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The  following  tests  were  made   with 


These  tests  show  that  the  cone,  by 
increasing  the  draught,  enables  a  larger 
quantity  of  gas  to  be  burned,  an  effect 
which  could  be  obtained  equally  well  by 
increasing  the  height  of  the  chimney; 
and  the  air-tube  of  the  Silber  burner  also 
produces  a  similar  effect,  increasing  at 
the  same  time  the  heat  and  the  illumin- 
ating power  of  the  flame,  and  its  stabil- 
ity. Indeed,  the  Silber  burner  without 
cone  and  center  tube,  and  especially 
when  the  latter  is  removed,  gives  so 
unsteady  a  flame  that  it  is  practically 
useless,  while  in  its  complete  condition  it 
gives  the  steadiest  flame  of  any  Argand 
yet  constructed. 

A  series  of  experiments  were  made  in 
order  to  ascertain  the  relative  dimensions 
of  the  inlet  and  the  outlet  of  various 
burners.  The  upper  steatite  portion  of 
each  burner  was  removed  and  fitted  up 
in  a  little  bit  of  apparatus  extemporized 
for  the  purpose,  so  that  gas  could  be 
passed  through  the  holes,  while  the  bot- 
tom portions  were  simply  screwed  on  in 
the  usual  manner,  and  the  gas  allowed  to 
escape  without  lighting  it.  Ln.  all  the 
trials  the  pressure  of  the  gas  was  main- 
tained steadily  at  0.2  of  an  inch  of  water. 
The  numbers  represent  cubic  feet  of  gas 
per  hour: 
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These  results  show  that  the  pressure 
of  the  gas  is  checked  much  more  effi- 
ciently at  the  bottom  of  the  burner  by 
Sugg's  arrangement  than  by  that  of 
Silber,  and,  in  fact,  the  latter  has  usually 
attached  to  it  a  small  regulator,  adjust- 
able by  a  screw,  without  which,  and 
when  regulated  only  by  a  stopcock,  a 
disagreeable  hissing  noise  is  produced 
by  the  passage  of  the  gas  through  the 
almost  closed  stopcock,  unless  the  latter 
is  far  removed  from  the  burner. 

The  "Bee  a  Bengel,"  or  Bengel  Argand 
burner,  used  for  gas-testing  in  Paris,  has 
a  porcelain  top  with  30  rather  small 
holes,  a  brass  cone,  and  at  the  bottom 
what  is  called  a  "panier,"  constructed  of 
porcelain,  and  pierced  with  numerous 
small  holes  for  the  admission  of  air. 
The  chimney  is  8  X  If  inches.  With 
26-candle  gas  it  burned  2.5  cubic  feet, 
and  gave  a  light  of  10.8  candles,  or,  for  5 
feet  per  hour,  21.6  candles. 

Sugg  has  constructed  a  series  of 
"London"  Argands,  burning  from  3  to 
12  cubic  feet  per  hour  of  common  gas, 
and  from  l1-  to  7^  cubic  feet  of  cannel 
gas  per  hour.  These  from  A  to  I  re- 
semble in  every  respect  the  standard 
"London"  burner  already  described;  K 
has,  in  addition,  a  single  or  rat-tail  jet  in 
the  center,  and  that  marked  double  is 
formed  of  two  concentric  Argands. 
They  gave  the  following  results: — 
{See  Table  on  following  column.) 

It  is  right  to  state  that  all  these 
burners  are  constructed  to  burn  common 
rather  than  cannel  gas.  A  Silber  Argand 
of  24  holes,  with  chimney  8  by  If,  was 
tested  at  the  same  time  for  comparison, 
and  gave,  for  a  consumption  of  3.75 
cubic  feet  per  hour  calculated  to  5  feet, 
an  illuminating  power  of  24.02  candles,  a 
somewhat-  higher   result   than   was    ob- 
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tained  with  any  of  Sugg's  series,  and 
proving  that  Silber's  Argand  is  well 
adapted  for  burning  cannel  gas. 

Experiments  were  made  in  order  to 
ascertain  the  loss  of  light  resulting  from 
the  use  of  globes  of  different  kinds,  and 
of  various  shapes.  The  loss  is  always 
considerable,  and  in  many  cases  exces- 
sive, and  it  results  partly  from  the 
absorption  of  light  from  the  material  of 
the  globe,  and  partly  from  the  draught 
caused  by  the  ascension  of  the  heated  air 
in  the  confined  space.  As  regards  ma- 
terial, a  piece  of  clear  window-glass,  held 
in  front  of  a  gas-flame,  diminishes  the 
light  to  the  extent  of  about  10  per  cent. ; 
but  in  the  case  of  a  clear  globe  it  is,  in 
some  cases,  less,  owing  to  the  reflection 
from  the  surface  furthest  from  the  photo- 
meter. Globes  frosted  or  ground  all  over, 
technically  known  as  "moons,"  absorb 
about  25  per  cent,  of  the  light  when  well 
shaped,  and  opal  or  "cornelian"  globes 
40  to  50  per  cent.,  according  to  the  thick- 
ness and  quality  of  the  glass.  The  fol- 
lowing results  were  obtained  with  globes 
of  different  sizes  ground  all  over,  and 
show  the  effect  of  increased  draught  in 
diminishing  the  light: — - 

Per  Cent. 

6-inch  globe  caused  a  loss  of 25 

7*        "  "  "       27£ 

10  "  "  V       38 

All  these  globes  had  the  usual- sized 
openings  below — about  If  inches  in 
diameter.  Experiments  were  made  with 
clear  7^-inch  globes,  having  openings 
below,  varying  from  2-|  inches  to  1  inch 
in  diameter.     The  source  of  light  was  a 
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Bronner  bat's-wing,  No.  5  top,  No.  4  bot- 
tom, burning,  under  a  pressure  of  1  inch, 
3.35  cubic  feet  of  gas. 

Per 
Candles.  Cent. 
The  naked  flame  gave  a  light  of     16.8 
"With  clear  globe, 

opening  below  2£  in.,  15.4;  loss  8.3 
3i  in.,  15.2;  9.5 

2  in.,  13.6;  19.0 
1*  in.,  13.0;  22.6 
1    in  ,  12.0,        28  6 

With  the  two  larger-sized  openings, 
the  flame  was  perfectly  steady,  with  that 
of  two  inches  there  was  a  slight  flicker- 
ing caused  by  the  draught;  this  was 
more  marked  with  the  l|-inch  opening, 
and  was  excessive  with  that  of  one  inch, 
making  the  flame  practically  useless  as  a 
source  of  light.  It  is  evident,  therefore, 
that  the  openings  of  the  globes  should 
be  as  wide  as  possible,  and  not  less  than 
2^-  inches.  The  cornelian  globes  used  in 
Bronner' s  system  of  gas  lighting  have  an 
aperture  of  2-|  inches  diameter,  and  Sugg 
has  introduced  globes  of  similar  material 
which  he  calls  "  Albatrine,"  but  with 
openings  of  about  4  inches  diameter. 
These  globes  are  constructed  of  various 
sizes,  to  suit  certain  burners,  both  bat's- 
wing  and  Argand,  and  the  combinations 
are  known  by  certain  names,  such  as  the 
Westminster,  Viennese,  Frankfort,  Itali- 
enne,  Parisienne,  &c.  Some  of  these 
arrangements  are  fitted  with  regulators, 
with  the  intention  of  maintaining  a  con- 
stant pressure. 

One  of  the  difficulties  connected  with 
gas  illumination  is  that  the  pressure  im 
the  mains  varies  considerably  in  different 
parts  of  a  town,  and  at  different  hours  of 
the  day  and  night.  One  result  is,  that  a 
system  of  lighting,  adapted  for  a  part  of 
a  town  situated  in  a  low  level,  will  show 
inferior  results  in  a  more  elevated  situa- 
tion. A  rise  of  10  feet  gives,  roughly,  a 
tenth  of  an  inch  of  increase  of  pressure, 
so  that  it  may  easily  happen  that  in  the 
same  town  or  city  the  pressure  in  one 
place  may  be  one  inch,  while  in  another 
it  may  be  2^-  inches.  Again,  the  pressure 
of  the  gas,  a„s  sent  out  from  the 
gas-works,  is  altered  from  time  to  time, 
in  accordance  with  the  consumption, 
and  as  public  works,  shops,  &c,  are 
suddenly  lit  up  or  extinguished  at 
certain  hours,  private  consumers  are 
annoyed,  in  the  one  case  by  the  falling 
off  in  the  amount  of  light,  and  in  the 


other  by  a  flaring  flame  and  hissing 
sound,  both  of  which  are  very  irritating. 
The  cure  for  these  evils  is  to  be  found  in 
the  use  of  governors  or  regulators. 
Every  district  of  a  town,  the  elevation  of 
which  is  such  as  to  effect  appreciably  the 
pressure  of  the  gas,  should  have  a 
governor,  which  may  either  be  self-act- 
ing, to  maintain  a  constant  pressure 
throughout  the  day,  or  to  vary  sympa- 
thetically with  the  governor  at  the  gas- 
works. Many  of  these  have  been  in- 
vented, among  which  may  be  mentioned 
those  of  Cathels,  Peebles,  and  Foulis. 
The  pressure  in  the  mains  should  not  be 
reduced  below  12  or  14-tenths  of  an  inch, 
but  as  even  that  is  too  high  a  pressure 
for  the  economical  burning  of  gas,  each 
house  should  have  a  regulator  in  order  to 
reduce  the  pressure  constantly  to  about 
7  or  8-tenths.  Some  of  these  regulators 
are  dependent  on  the  action  of  the  gas 
upon  a  broad  leather  disc,  attached  to 
which  is  a  ball  and  socket  valve,  while 
others  have  metal  or  glass  bells  floating 
in  mercury,  and  acting  upon  a  valve  of 
the  same  kind.  Both  of  these  work 
satisfactory  when  properly  constructed. 
Among  the  best  dry  regulators  are  those 
of  Sugg  of  London,  and  Peebles  of  Edin- 
burgh, while  the  best  mercurial  governor 
that  I  have  seen  is  that  of  Busch  of  Old- 
ham. In  the  case  of  public  works  and 
other  buildings  consisting  of  several 
floors,  a  regulator  should  be  placed  on 
each  floor.  Street  lamp  regulators  are 
of  great  importance,  and  great  attention 
has  been  given  to  the  perfecting  of  them 
by  various  ingenious  mechanicians.  The 
kind  the  largest  number  of  which  are  in 
use  at  the  present  time  resembles  the  dry 
house  regulator  already  mentioned,  the 
construction  being  quite  similar.  These 
little  instruments  are  made  by  a  great 
many  gas  engineers,  among  whom  Sugg 
and  Peebles  may  be  named.  The  princi- 
ple involved  in  the  action  of  the  appara- 
tus will  be  at  once  understood  by  a 
glance  at  the  sectional  drawing  I  have 
placed  upon  the  wall.  It  is  a  regulator, 
not  of  volume,  but  of  pressure,  and 
hence  the  quantity  of  gas  consumed  in 
any  street  lamp  provided  with  it  depends 
upon  the  burner.  There  is  an  objection 
to  this  regulator,  and  it  is  a  serious  one — 
the  leather  diaphragm  becomes  in  time 
hard  and  stiff,  and  ceases  to  act  freely, 
|  and,   unless  it  be  renewed  at  intervals, 
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say  12  or  18  months,  the  instrument  is 
by  no  means  satisfactory.  The  next 
street  lamp  regulator  in  point  of  period 
of  introduction  is  Giroud's  rheometer. 
This  beautiful  little  instrument,  which 
delivers  a  constant  volume  of  gas,  con- 
sists of  a  short  cylinder  containing 
glycerine,  in  which  floats  a  bell  of  very 
thin  metal,  and  formed  at  the  top  into  a 
cone,  the  apex  of  which  passes  through 
an  orifice  in  the  cover  of  the  cylinder. 
In  the  bell  itself  there  is  a  small  hole, 
through  which  the  supply  of  gas  to  the 
burner  must  pass.  An  increase  of  press- 
ure causes  the  bell  to  rise,  and  the  cone 
to  enter  the  orifice  above,  thus  reducing 
the  area  of  the  aperture  through  which 
the  gas  has  to  make  its  way  to  the 
burner.  The  regulation  of  the  rheo- 
meter is  very  perfect,  but  it  ceases  to  be 
effective  in  some  eventualities  which  oc- 
casionly  occur. 

The  most  recent  street-lamp  regulator 
-  may  be  called  a  dry  rheometer.  It  de- 
livers, like  the  instrument  just  noticed,  a 
constant  volume  of  gas,  but  the  bell,  or 
substitute  for  it,  instead  of  floating  in  a 
liquid,  is  simply  supported  while  in  action 
by  the  pressure  of  the  gas.  A  regulator 
of  this  kind  is  first  indicated  in  the  book 
published  by  Giroud,  but  I  am  not  aware 
that  he  ever  actually  'reduced  his  idea  to 
practice.  Victor  Bablon,  of  Paris, 
patented  in  1875,  "  an  apparatus  for  regu- 
lating the  flow  of  lighting  gas,"  in  which 
the  float,  if  it  may  be  so  called,  is  a  disc 
of  thin  metal  connected  to  a  small  hollow 
spindle.  It  has  been  introduced  some- 
what extensively  in  France,  but  is  almost 
unknown  here.  It  works  with  somewhat 
greater  friction  than  the  "needle 
governor "  of  Peebles,  which  is,  to  my 
mind,  the  perfection  of  gas  regulators. 
In  a  little  cylinder  stands  a  so-called 
needle,  on  the  point  of  which  rests  a 
flanged  cone  of  exceedingly  thin  metal. 
At  one  side  of  the  cylinder  there  is  a 
small  tube  leading  away  the  gas,  and  by 
means  of  a  screw  working  into  the  side 
tube,  the  instrument  can  be  made  to  de- 
liver any  desired  number  of  cubic  feet, 
which  it  does  with  surprising  accuracy, 
provided  that  the  pressure  of  the  gas  is 
net  less  than  eight-tenths  of  an  inch.  In 
trials  I  have  made  I  have  not  found  the 
variations  of  volume  at  different  pressures 
to  exceed  one  per  cent,  With  such  a 
regulator  as  this,  it  would  be  possible  to 


employ  Argand  burners  for  street  lamps. 
These  burners,  when  of  the  best  kind, 
are  exceedingly  sensitive  to  quantity  of 
gas.  If  you  have  a  Sugg  or  Silber  Ar- 
gand regulated  so  as  to  be  near  the 
smoking  point,  and  so  giving  the  highest 
illuminating  value  that  the  gas  is  capable 
of  yielding,  the  smallest  additional  supply 
of  gas  will  cause  the  flame  to  smoke.  I 
have  here  one  of  Silber's  Argands  fitted 
to  a  needle  governor,  and  you  will  have 
an  opportunity  of  seeing  the  regularity 
of  the  flame  under  different  conditions  of 
pressure.  I  should  have  mentioned,  be- 
fore the  needle  governor,  the  invention 
of  Fliirscheim,  patented  in  this  country 
by  Borradaile  in  1877,  but  it  resembles 
Bablon's  instrument  closely,  and  differs 
from  it  chiefly  in  details. 

One  other  description  of  regulator  re- 
mains to  be  described- — that  which  may 
be  used  in  connection  with  the  ordinary 
burners  in  our  apartments.  It  must 
necessarily  be  small,  in  fact,  it  should 
not  be  much  larger  than  the  burner  it- 
self. Sugg  has,  for  a  number  of  years, 
supplied  a  regulator  of  this  kind,  consist- 
ing of  a  leather  diaphragm  with  ball  and 
socket  arrangement,  but  it  is  a  little  un- 
certain in  its  action,  and,  so  far  as  my 
experience  goes,  not  altogether  satis- 
factory; and,  besides,  it  is  too  large  to  be 
useful  except  as  part  of  a  special  system 
of  lighting.  Peebles  has  been  endeavor- 
ing to  reduce  his  needle  governor  to 
similar  dimensions,  and  although  he  does 
not  claim  to  have  yet  produced  an  al- 
together perfect  instrument,  in  so  far  as 
it  requires  about  .8  of  an  inch  of  pressure 
to  put  it  in  action,  he  has  great  hoj>es 
that  he  will  yet  be  successful. 

In  this  paper  I  have  attempted  to  in- 
dicate the  process  recently  made  in  the 
way  of  developing  the  photogenic  power 
of  coal  gas,  and  the  direction  in  which 
further  improvements  may  be  looked  for. 
I  shall  be  glad  if  my  remarks  have  the 
effect  of  attracting  attention  to  a  subject 
of  such  interest  and  importance. 

Before  concluding,  I  wish  to  make  one 
other  remark.  Last  night,  on  arriving  in 
London,  I  saw  the  Thames  Embankment 
illuminated  by  electricity,  and  was  very 
much  satisfied  with  the  appearance. 
Then  I  went  across  Waterloo  Bridge,  and 
saw  those  lamps  in  the  Waterloo  Road : 
and  I  must  say  I  was  very  much  struck 
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with  the  magnificent  light  afforded. 
That  certainly  was  a  step  in  the  right  di- 
rection, although  I  am  of  opinion  that 
we  are  striving  too  hard  to  light  up  our 
streets.  I  do  not  see  any  necessity  for 
lighting  up  the  streets  to  make  them 
equal  to  daylight.  What  we  want  is  to 
see  where  we  are  going,  to  avoid  being 
robbed  at  night,  and  so  on,  but  I  think 


it  is  a  great  mistake  that  we  should  strive 
to  make  our  streets  as  light  as  they  are 
during  the  day.  However,  there  may  be 
economy  in  these  very  large  burners,  and 
I  think  there  is,  though  I  have  not  tested 
them,  and  I  am  not  able  to  speak  posi- 
tively. We  are  very  much  obliged  to 
Mr.  Sugg  for  lending  us  these  two  lamps 
to-nig'ht. 


THE  TRANSMISSION  OF  POWER  BY  ELECTRICITY. 


From  "The  Engineer." 


The  various  reports  that  have  recently 
been  issued  relating  to  the  economy  of 
the  electric  light,  all  concur  in  stating 
that  for  street  purposes  gas  is  more 
economical  than  electricity.  The  con- 
census of  opinion,  on  the  other  hand,  is 
rather  startling  in  its  unanimity  when 
the  lighting  relates  to  large  open  spaces, 
or  to  that  which  requires  penetrating 
power  and  brilliancy.  This,  however, 
does  not  surprise  any  one  who  under- 
stands the  theory  of  the  electric  light, 
and  the  methods  of  its  production.  A 
few  weeks  since  the  daily  papers,  with 
excess  of  zeal,  produced  for  the  edifica- 
tion of  their  readers  a  series  of  spurious 
problems,  the  solution  of  any  one  of 
which  was  expected  to  enable  electricity 
to  ring  the  death  knell  of  gas.  Among 
others,  the  divisibility  of  the  light  had 
great  charms,  and  ever  and  anon  it  was. 
discussed  as  the  brilliant  discovery  of 
some  patentee.  The  solution  of  the 
problem — if,  indeed,  there  is  such  a 
problem  to  solve — still  remains  amongst 
the  unknown.  The  multiple  are  and  its 
capabilities  were  as  well  known  to  elec- 
tricians ten  years  ago  as  they  are  to-day. 
Professor  Tyndall  testifies  to  this  when 
he  says: — "The  principles  which  regu- 
late the  division  of  the  current  and  the 
development  of  its  light  and  heat  are 
perfectly  well  known.  There  is  no  room 
for  a  'discovery,'  in  the  scientific  sense  of 
the  term,  but  there  is  ample  room  for  the 
exercise  •  of  that  mechanical  ingenuity 
which  has  given  us  the  sewing  machine 
and  so  many  other  useful  inventions." 

The  production  of  light  by  electricity 
has  not  wholly  engrossed  philosophers, 
and  of  late  a  good  deal  has  been  said 


concerning  the  transmission  of  power  to 
considerable  distances  by  electricity.  It 
may  not  be  uninteresting  to  explain  some 
of  the  facts  to  such  of  our  readers  as  are 
not  well  versed  in  electrical  science. 
Electricity,  as  is  well  known,  in  many 
cases  acts  as  if  it  were  a  fluid;  hence  the 
old  hypotheses  of  one  fluid  and  two 
fluids.  Just  as  we  can  lead  water  by 
means  of  pipes  from  a  higher  level  to  a 
lower  level,  so  we  can  conduct  electricity 
from  one  point  to  another.  These  points 
can  no  more  be  taken  at  random  with 
electricity  than  with  water.  They  must 
not  only  be  connected  by  suitable  ma- 
terials, but  must  be  in  peculiar  electrical 
conditions.  Modern  electricians  use  the 
term  "potential"  to  indicate  an  electrical 
condition,  and  so  state  that  electricity 
passes  from  a  point  of  higher  to  one  of 
lower  potential  just  as  water  descends  a 
hill.  Whenever  and  wherever  electricity 
is  generated,  there  is  matter  existing  in 
these  two  states,  showing,  as  is  common- 
ly said,  attractive  or  repulsive  properties, 
or,  more  often  still,  being  designated  as 
simply  in  a  positive  or  a  negative  condi- 
tion. We  are  inclined  to  the  opinion 
that  the  phenomena  seen  are  always 
similarly  produced,  and  that  the  nega- 
tive phenomena  are  due  to  a  differential 
action;  in  other  words,  that  electrical 
repulsion  does  not  exist,  but  everything 
is  due  to  attraction.  This  is  heretical, 
but  if  we  err  we  do  so  in  good  company. 
One  of  the  fundamental  laws  of  elec- 
tricity is,  that  sooner  or  later  the  matter 
thus  differently  constituted  regains  its 
normal  condition.  We  can  facilitate  or 
retard  this  return  by  the  interposition  of 
different     materials     between    the    two 
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points.  Thus,  if  we  connect  the  points 
by  means  of  a  metal  wire,  the  normal 
state  will  soon  be  reached;  but,  on  the 
other  hand,  if  we  use  a  rod  of  vulcanite 
or  glass,  the  return  to  the  normal  condi- 
tion may,  under  favorable  circumstances, 
be  indefinitely  retarded.  We  term  metals 
conductors,  because  of  this  property,  and 
such  substances  as  wax,  vulcanite,  or 
glass,  non-conductors  or  insulators.  The 
best  conductor  is  silver,  but  pure  copper 
is  almost  as  good.  Then  come  in  the  list 
respectively  gold,  cadmium,  zinc,  tin,  iron, 
lead  and  platinum.  Considering  these 
metals,  if  the  conductivity  of  silver  at  0° 
Cent,  or  32°  Fah.  be  represented  by  100, 
that  of  platinum  is  nearly  represented 
by  8 ;  increasing  the  temperature  of  the 
metal,  however,  decreases  its  conducting 
power;  and  at  100°  Cent,  or  212°  Fah. 
silver  and  platinum  conduct  in  the  pro- 
portion of  71  to  6.6.  It  would  not  be 
difficult  to  explain  the  cause  of  the  de- 
creased conducting  power  at  the  higher 
temperature ;  but  this  is  out  of  our  way  at 
present.  The  fact,  however,  has  to  be 
considered  by  the  electrician  when  en- 
gaged with  dynamic  electricity,  as  in  the 
case  of  the  electric  light,  inasmuch  as 
one  of  the  problems  before  him  is  the 
conduction  of  a  current  to  a  greater  or 
less  distance.  He  requires  his  current 
to  act  at  a  certain  point,  and  does  not 
wish  to  lose  any  more  of  his  power  than 
he  can  help  before  he  brings  it  to  that 
point.  No  substance  is  a  perfect  con- 
ductor, and  no  substance  is  a  perfect 
insulator.  Silver  presents  some  resist- 
ance to  the  passage  of  the  current,  so 
does  copper  and,  to  a  far  greater  extent, 
do  platinum  and  iridium.  A  long  wire 
has  a  greater  resistance  than  a  short 
wire  of  the  same  area,  a  wire  of  small 
section  than  one  of  a  large.  Now  the 
heating  effect  of  a  current  depends  a 
good  deal  upon  the  resistance  it  en- 
counters. Taking  time  as  constant,  the 
equation  H  =  Ca  R  gives  the  heat  effect 
in  terms  of  current  and  resistance.  An- 
other law  states  that  the  resistance  of  a 
wire  varies  directly  as  it  length,  and 
inversely  as  the  area  of  its  section,  or  as 
the  square  of  its  radius.  The  current, 
according  to  Ohm's  law,  is  expressed  by 

E 

the  formula  C=— ,  where  E  is  the  elec- 
li 

tro-motive  force  of  the  motor,  and  R  the 

resistance   of   the   circuit.      From   such 


considerations  as  these  it  will  be  seen 
that  calculations  can  be  made  as  to  the  size 
of  conductor  of  any  given  material  re- 
quired to  carry  a  given  current.  Dr. 
Siemens,  in  his  well-known  Glasgow 
address,  stated  that  a  2in.  copper  wire 
would  convey  1000-horse  power  from  a 
waterfall  to  a  distance  of  thirty  miles. 
Mr.  T.  B.  Sprague,  one  of  our  more  care- 
ful and  conscientious  electricians,  in 
commenting  upon  this,  concludes  that, 
for  the  above  purpose,  it  would  be  neces- 
sary to  provide  (1)  dynamic  converters 
capable  of  developing  1000-horse  power; 
(2)  1900  tons  of  copper  rod  properly  in- 
sulated ;  (3)  a  dynamo-electric  machine 
capable  of  generating  a  current  at  start- 
ing 2000-horse  power;  and  (4)  means  of 
cooling  that  machine,  and  dissipating 
rapidly  a  constant  energy  equal  to  758- 
horse  power.  Dr.  Siemens  admits  that, 
if  Mr.  Sprague' s  data  are  correct,  his  2in. 
wire  would  have  to  be  increased  to  3in., 
which  he  maintains  would  be  ample. 
The  cost  of  such  copper  wires  as  these 
would  be  enormous,  and  militate  strong- 
ly against  the  general  introduction  of 
the  electric  light.  It  has  been  suggested 
that  iron,  as  being  so  much  cheaper, 
would  obviate  this  difficulty;  but  as  we 
have  indicated,  iron  being  comparatively 
a  bad  conductor,  its  sectional  area  must 
be  larger  than  that  of  coj)per,  and  thus 
in  the  long  run  the  cost  of  conductors 
would  not  be  greatly  diminished  by  its 
use.  The  problem  being  left  in  this  state 
in  England,  Professors  Thomson  and 
Houston  in  America  took  it  up,  and  their 
conclusion  is  rather  startling  to  those 
who  are  discussing  the  problem  here. 
They  say:  "It  is  possible,  should  it  be 
deemed  desirable,  to  convey  the  total 
power  of  Niagara  a  distance  of  500  miles 
or  more  by  a  copper  cable  not  exceeding 
^  in.  in  thickness.  This,  however,  is  an 
extreme  case,  and  the  exigencies  of  prac- 
tical working  would  not  require  such  re- 
strictions as  to  size."  We  shall  now  en- 
deavor briefly  to  indicate  the  modus 
operandi  pursued  by  these  gentlemen,  so 
that  readers  will  be  then  in  possession  of 
the  general  details  of  this  particular 
problem. 

Suppose  two  machines  connected  by  a 
cable  of,  say,  one  mile  in  length,  one  of 
these  machines  being  used  for  the  pro- 
duction of  a  current,  the  other  for  the 
conversion   of  the   current  into   power. 
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The  two  terminals  not  connected,  are  put 
to  earth.  "  Let  us  suppose  that  the  E  M 
F  of  the  current  is  unity.  Since,  by  the 
revolution  of  one  machine,  a  counter 
electro-motive  force  is  produced  in  the 
other,  the  electro-motive  force  of  the  cur- 
rent that  flows  is  manifestly  the  difference 
between  the  two."  The  resistance  of  the 
two  machines  being  made  equal  to  1,  and 
the  connections  to  .01,  the  current  will 
be,  according-  to  Ohm's  law,  equal  to 
1  -i-  .01  =  .99.  If  to  this  system  be 
added  an  additional  machine  and  a  sec- 
ond converter,  also  another  mile  of  wire, 
the  current  will  be  2  — '-  2.02,  and  so  on, 
the  addition  of  1,000  miles  of  wire  requir- 
ing the  addition  of  1,000  producing  and 
1,000  converting  machines.  The  expense 
of  this  would  be  very  great,  and  the 
statement  is  made  merely  to  show  that 
the  problem  taken  in  this  light  is  not  un- 
solvable.  In  such  an  extreme  case  a 
difficulty   would  arise   in  obtaining  the 


requisite  insulation,  as  the  electro-motive 
force  would  be  very  great.  The  authors 
calculate  that  "for  the  consumption  of 
1,000,000-horse  power  a  cable  of  about  3 
in.  in  diameter  would  suffice  under  the 
|  conditions  stated."  In  the  results  given 
j  the  authors  do  not  seem  to  have  consid- 
I  ered  the  heating  effects  upon  the  wire  of 
small  section  for  short  distances,  which 
would,  we  think,  materially  affect  their 
calculations;  and,  again,  it  must  be  re- 
membered that  to  convey  the  electricity 
in  this  way  is  one  thing,  but  to  use  the 
current  for  lighting  purposes  is  another. 
The  lamps  must  be  arranged  either  in 
series  or  in  multiple  arc,  and  while  in  the 
latter  case  the  resistance  could  be  kept  as 
low  as  required,  other  details  would  come 
in  so  as  to  require  extensive  modification 
of  these  calculations.  The  problem  then 
remains — how  to  convey  large  currents, 
obtained  from  natural  sources  of  power, 
economically  to  long  distances  ? 


NEW  AND  SIMPLE  METHOD  OF  RIVER  TRAINING. 

By  A.  GEPPERT. 
From  "  Wochenschrift  des  Oest.  Ingenieur-und  Architekten  Vereines,"  published  by  Institution  of  Civil  Engineers. 


This  mode  of  river  training  may  be 
briefly  described  as  consisting  in  the 
construction  of  a  partition  of  sheet  piling 
across  the  land  submerged  during  floods, 
and  so  placed  as  to  connect  the  two  points 
of  the  river  between  which  the  course  is 
to  be  straightened.  On  either  side  of  the 
sheet  piling  and  along  the  entire  length, 
a  wide  trench  is  excavated,  the  bottom  of 
which  corresponds  to  the  level  of  ordin- 
ary water  line.  The  greater  portion  of 
the  flood  water  is  thus  made  to  flow  off 
through  this  artificial  channel,  and  in 
doing  so  tends  to  scour  a  new  river  bed 
in  it.' 

The  method  has  recently  been  applied 
in  the  river  Lech,  at  "The  Gechtle,"  and 
the  author  gives  an  account  of  the  works, 
and  of  the  results  obtained.  The  pile 
planking  extends  over  a  length  of  1,867 
feet,  and  intersects  a  large  island  which 
obstructs  the  direct  course  of  the  river. 
It  is  4  feet  high  from  the  bottom  of  the 
ditch,  and  is  formed  of  piles  15  feet  6 
inches  long,  driven  at  intervals  of  6  feet 
3  inches,  and  planked  on  one  side.     The 


piles  have  a  diameter  of  from  8^  to  9^- 
inches,  and  are  shod  in  the  ordinary  way. 
The  deal  planks  are  2T1g-  inches  thick. 
The  trench  was  made  6  feet  3  inches  wide 
on  each  side  of  the  line  of  piling,  the  soil 
of  the  excavation  being  simply  thrown  on 
the  banks.  The  total  cost  of  the  work 
came  to  9s.  Gd.  per  lineal  yard. 

During  the  summer  of  1877  various 
floods  occurred  in  the  Lech,  which,  al- 
though continuous,  did  not  attain  to  any 
height.  The  last  one  alone  reached  the 
top  of  the  piling  and  produced  notable 
changes  in  the  bed  of  the  river,  without, 
however,  damaging  in  any  way  the  plank- 
ing. In  a  plan  the  author  shows  the 
course  of  the  river  both  before  and  after 
the  flood.  It  gives  a  fair  idea  of  the 
effect  which  the  work  has  had  on  the 
course  of  the  river.  After  the  water  sub- 
sided it  was  found  that  the  river  had 
taken  a  new  bed  all  along  the  first  third 
of  the  pile  planking.  Then,  encounter- 
ing higher  ground  in  front,  it  had  devi- 
ated to  the  left  and  had  fallen  back  into 
the  former  bed  of  its  left  channel.     On 
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the  other  side  of  the  planking,  the  right 
branch  had  also  slightly  altered  its  course, 
and  had  been  considerably  reduced 
through  silting.  These  first  results  were 
deemed  so  satisfactory,  considering  the 
small  height  to  which  the  floods  had 
risen,  that  it  was  decided  to  widen  out 


the  unaffected  parts  of  the  ditch  before 
next  year's  floods.  It  is  thought  proba- 
ble that  the  river  will  then  scour  out  its 
bed  along  the  entire  length.  As  soon  as 
this  result  will  have  been  achieved,  the 
author  will  report  again  on  the  sub- 
ject.      • 


THERMODYNAMICS. 

Br  HENRY  T.  EDDY,  C.  E.,  Ph.  D.,  University  of  Cincinnati. 
Written  for  Van  Nostrand's  Magazine. 


II. 


15.  The  Law  of  Variation  of  Internal 
Energy. — When  a  unit  of  a  given  sub- 
stance is  caused  to  pass  from  one  state 
of  volume  and  pressure  to  another,  the 
total  increment  of  its  internal  energy  de- 
pends alone  upon  its  initial  and  final 
states,  and  in  no  way  depends  upon  the 
route  by  which  the  passage  is  effected. 
By  (4),  dis=dh-dw (25) 

/2  /»2 

dh—  /   dw    .     .     .     (26) 
l  *y    i 

In  Fig.  2  let  the  substance  pass  from 
state  1  to  state  2  by  some  route  x:  then, 
as  shown  in  art.  10,  the  area  between  x 
and  the  adiabatics  e,  and  e„ 


is  an  exact  integral,  since  its  value  de- 
pends alone  upon  the  states  1  and  2. 

16.  The  Law  of  Variation  of  Internal 
Work. — When  a  unit  of  a  given  substance 
passes  from  one  state  of  volume  and 
pressure  to  another,  the  total  increment 
of  its  internal  work  depends  alone  upon 
the  initial  and  final  states,  and  not  upon 
the  route. 


By(l) 


dm=di—ds 

•>2  />2 


-m=J   di-J   ds     . 


(28) 
(29) 


/2  nl 

dh=/  ule, 


is  the  heat  imparted;  and  the  area  in- 
cluded between  the  ordinates  pl5  p2,  x 
and  the  axis  of  v 


/2  /»2 


is  the  external  work  performed.  Hence 
by  (26)  the  increment  of  internal  energy 
is  the  difference  of  these  areas,  but  in 
this  subtraction  the  common  area  123  is 
canceled,  and  the  remainder 

is  independent  of  the  route  x. 

It  appears  from  reasoning  exactly  like 
that  employed  in  art.  14  that  (26),  which 
may  also  be  written 

i,—*l=y  tde—J  pdv     .      .     (27) 
Vol.  XX.— No.  4—23 


But  di  is  and  exact  differential  by  art. 
15 ;  and  ds  is  also  an  exact  differential  by 
art.  6  or  art.  8:  and,  as  has  been  shown 
in  art.  14,  the  statement  that  any  alge- 
braic expression  is  an  exact  differential, 
and  the  statement  that  it  depends  for 
its  value,  upon  its  initial  and  final  states 
alone,  are  synomymous. 

17.  Generality  of  the  Second  Law. — 
The  second  law  has  been  applied  in  art. 
10  to  determine  the  rate  at  which  heat  is 
imparted  to  a  substance.  Bankine,  how- 
ever, seems  to  apply  this  law  only  to  de- 
termine the  rate  at  which  external  work 
will  be  performed.  We  wish  here  to 
point  out  its  wider  scope,  and  have,  with 
this  object  in  view,  so  worded  the  state- 
ment of  it  in  art.  4  as  to  express  its  gen- 
erality. 

The  three  ways  of  expending  the  heat 
imparted  which  are  detailed  in  art.  7  are 
related  to  each  other  in  some  purely  dy- 
namical way,  such  that  the  proportion  of 
the  whole  which  is  expended  in  each  of 
these  separate   effects    depends  on  two 
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considerations  only:  viz.,  the  kind  of 
substance  to  which  heat  is  imparted,  and 
the  amount  of  energy  acting.  The  sec- 
ond law  asserts  that,  for  a  given  kind  of 
substance,  these  effects  depend  upon  the 
energy  acting  and  not  on  the  state  of  the 
substance.  The  question  here  suggested 
is  this:  What  are  we  entitled  to  regard 
as  separate  "effects"  such  as  are  spoken 
of  in  the  second  law?  It  seems  suffi- 
ciently clear,  that  the  effects  mentioned 
in  art.  7  can  be  regarded  as  separate 
effects  to  each  of  which  the  law  applies, 
and  hence  to  either  of  their  sums.  It 
may  be  possible  to  show  that  some  one 
of  these  effects  is  a  composite  effect,  to 
each  of  whose  parts  the  law  also  applies. 
For  example,  the  internal  work  may  be 
written  thus: 


/dm\     ,      (dm\    , 


dm: 


OM 


dm\ 
dv  fp 


(30) 
(31) 


(32) 


and  it  would  seem  that  the  second  law 
could  be  applied  to  some  of  the  com- 
ponents of  the  internal  energy  which  are 
expressed  by  these  equations. 

Especially  is  this  the  case  if  we  accept 
the  molecular  theory  of  matter,  for  then 
certain  of  these  components  acquire  a 
mechanical  significance. 

18.  Diagrams  of  Exergy. — The  dia- 
grams which  we  have  thus  far  employed, 
have  graphically  represented  the  state  of 
a  unit  of  any  given  substance  by  using 
its  volume  and  pressure  as  rectangular 
co-ordinates;  and  in  such  a  volume- 
pressure  diagram  it  appears  from  ele- 
mentary considerations,  that  area  repre- 
sents energy  or  work.  In  accordance 
with  this  idea  is  the  expression  for  the 
increment  of  external  work  previously 
employed,  viz.,  dw=pdv  ....  (10) 
which  at  the  same  time  is  an  elementary 
area  of  such  a  diagram. 

Equation  (10)  integrated  around  the 
cycle  of  the  indicator  card  is  the  work 
performed  per  stroke. 

It  has  also  been  shown  in  art.  10,  that 
the  energy  of  the  total  heat  imparted  in 
causing  a  unit  of  a  substance  to  pass 
along  the  route  x  from  the  state  1  to  the 
state  2,  is  represented  by  the  area  in- 
cluded between  the  curves  e,  x  e„,  when  e, 


and  e2  are  adiabatics  through  1  and  2 
respectively,  which  extend  to  infinity. 

It  is,  however,  equally  possible  to  rep- 
resent graphically  the  state  of  a  sub- 
stance by  using  as  rectangular  co-ordin- 
ates any  two  variables  which  determine 
its  state.  In  a  valuable  paper  on  this 
subject,  J.  Willard  Gibbs  *  treats  in 
detail  the  entropy-temperature  diagram, 
and  the  volume-entropy  diagram. 

In  an  entropy-temperatiu'e  diagram,  it 
appears  from  the  equation  of  art.  11,  viz. 
dk—tde  ....  (18) 
that  here  also  area  represents  heat  im- 
parted or  energy ;  and  upon  such  a  dia- 
gram, lines  of  equal  volume  and  equal 
pressure  (called  isometrics  and  isopies- 
tics)  can  be  drawn  from  experimental 
data,  just  as  adiabatics  {i.e.  isentropics) 
and  isothermals  are  drawn  upon  the 
volume-pressure  diagram.  Indeed,  the 
entropy-temperature  diagram  is  found  to 
be  specially  suited  to  assist  the  mind  in 
grasping  the  thermodynamic  relations 
flowing  from  the  second  law. 

19.  Cahxot's  Cycle  of  Greatest  Effi- 
ciency.— Let  a  unit  of  weight  of  any 
given  substance  pass  through  a  series  of 
states  represented  on  a  diagram  of 
energy  by  a  closed  figure;  then,  at  the 
end  of  this  complete  cycle,  the  substance 
is  restored  to  its  initial  state  as  to  tem- 
perature, internal  energy,  etc.  Hence, 
the  area  of  the  closed  cycle,  which  repre- 
sents the  external  work,  represents  also  the 
heat  imparted,  minus  the  heat  rejected. 
Draw  an  adiabatic  through  each  of  the 
two  points  1  and  2  of  the  cycle  whose 
difference  of  entropy  is  greatest.  Call 
the  upper  part  of  the  cycle  from  1  to  2 
the  route  x,  and  the  lower  part  from  2  to 
1  the  route  y,  then  x  and  y  together 
form  the  closed  cycle. 

The  heat  imparted  while  the  substance 
is  carried  along  an  element  of  the  route  x 
lying  between  a  pair  of  adiabatics  which 
are  very  near  each  other,  is,  by  (18), 
dhx  =  tx  de,  and  the  heat  rejected  on  the 
route  y  between  the  same  pair  of  adia- 
batics is,  dhy  =  ty  de. 


f1  ty  de 

J \txde 


(33) 


*  Graphical  Methods  in  the  Thermodynamics  of  Fluids. 
By  J.  Willard  Gihbs,  Professor  ot  Mathematical  Physics, 
in  Yale  College.    Trans.  Conn.  Acad.    Vol.  II,  part  2. 
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is  the  ratio  of  the  total  heat  rejected  to 
the  total  heat  imparted. 

The  heat  rejected  is  a  loss,  and  in 
order  that  this  loss  may  be  as  small  a 
part  of  the  total  heat  imparted  as  possi- 
ble,  it    is    evident    that    each    element 

/*2 
/    ty  de    must  be  as  small  as  possible, 

while  each  element  of  /    txde  must  be  as 

large  as  possible. 

Suppose  that  the  highest  available 
temperature  of  the  source  of  heat  is  tti 
and  the  lowest  attainable  temperature  of 
the  refrigerator  which  receives  the  re- 
jected heat  is  t2,  both  being  of  unlimited 
capacity ;  then  it  is  evident  that  the  pro- 
portion of  lost  heat  is  the  least  possible 
when  tx=t1  and  ty  =t2;  and  in  this  case 
let  hx  =h1  and  hy  =/i2,   .'.  by  (33), 

h      ^f^U  h       t 

by  (20),    J=  j    .    (34) 


fde 


But  in  case  the  loss  is  least  the  efficiency 
is  greatest. 

.K-KJ^S  _    .    .  (35) 

h.  t.  v     ' 


Equation  (35)  expresses  the  greatest 
efficiency  of  an  engine  which  uses  any 
working  substance  between  the  limiting 
temperatures  t1  and  t2,  provided  the  work- 
ing substance  returns  periodically  to  its 
initial  state. 

The  conditions  of  greatest  efficiency 
are  then  these  :  all  the  heat  imparted  to 
the  working  substance  must  be  received 
by  it  along  the  highest  available  isother- 
mal; all  the  heat  rejected  by  it  must  be 
lost  along  the  lowest  isothermal ;  the 
passages  between  the  isothermals  must 
be  along  adiabatics. 

This  result  is  independent  of  the  nature 
of  the  working  substance,  which  need 
not  be  homogeneous,  but  may  undergo 
changes  of  state  such  as  liquefaction, 
vaporization  or  dissociation  in  course  of 
the  cycle,  provided  it  returns  to  its 
initial  state  at  the  end  of  the  cycle.  It 
appears  from  (35)  that  the  efficiency  is 
increased  more  by  decreasing  the  tem- 
perature t2  of  the  refrigerator  by  lp  than 


by  increasing  the  temperature  t1  of  the 
source  by  1°. 

20.  Partial  Differential  Coefficients 
of  Volume,  Pressure,  Entropy  and  Tem- 
perature.*— Let  Fig.  3  be  part  of  a  vol- 
ume pressure  diagram  in  which  ad  is 
parallel  to  the  axis  of  v  and  ad'  is  paral- 
lel to  the  axis  of  p.  Let  tt  and  t't'  be  a 
pair  of  isothermals  whose  difference  of 
temperature  dt  is  small.  Also  let  ee  and 
e'e'  be  a  pair  of  adiabatics  whose  differ- 
ence of  entropy  de  is  small. 

The  pair  of  isothermals  with  the  pair 
of  adiabatics  together  inclose  a  quad- 
rilateral abcb'  which  is  ultimately  a 
parallelogram. 

Complete  the  figure  by  drawing  the 
various  parallels  to  the  axis  of  v  and  p 
which  are  seen  in  Fig.  3. 

Then,  ad=Sv,  is  the  variation  of  vol- 
ume when  pressure  is  constant,  corre- 
sponding to  a  variation  of  temperature  St. 

This  is  expressed  in  the  ordinary  no- 


tation of  calculus  thus :  a 


d=l— ) 


dtj 


t  in 


P 


let  6t=l°,  then  ad- 


which  the  subscript  p  is  used  to  signify 
that  p  is  constant  in  the  differential  co- 
efficient. 

Now  since  1°  of  temperature  is  an 
arbitrary  magnitude  according  to  the 
scale  adopted,  let  us  assume  it  small,  and 
/dv\ 

\dt)/ 

The  units  of  distance  and  force  can  also 
be  assumed  small,  so  that  the  unit  of  work 
shall  also  be  small.  By  these  assump- 
tions we  shall  be  able  to  make  abcb'  dif- 
fer as  little  as  we  please  from  being  an 
exact  parallelogram.  Hence  we  see  that 
if  these  adiabatics  and  isothermals  form 
part  of  a  system  drawn  in  accordance 
with  (21),  (22)  and  (24), 

then         6t=l,     6h  =  l,     6e=l,    .     (36) 

and  ultimately  we  have, 


ad 


dt/p'  \de/i, 


(37) 


dv\ 
de  }p 
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Again,  the  areas  of  the  following-  paral- 
lelograms are  equal,  because  standing  on 
the  same  bases  and  included  between  the 
same  parallels. 

abcb'  =  abed = adgh = ad.  ah,       ] 

abcb ' = abji = qfki=  af.  ai, 

abcb' = ab'j'i' = afk'i'=af.  ai', 

abcb'  =  ab'e'd' = ad'g'h' = ad'. ah',  j 

But  by  art.  13  we  may  write  (36)  thus: 
abcb'  =  6h  =  l      .     .     .      (39) 

.•.  ad.ah  =  qf.ai=af/.ai'—ad'.ah'=l  (40) 

.-.  by  (37) 

/dv\   /dp\  __1 
\dt  Is  \de  ft 


with  respect  to  any  of  its  properties, 
such  as  its  increment  of  heat,  or  its 
increment  of  internal  energy,  etc..  can  be 
expressed  in  terms  of  the  increments  of 
two  only  of  these  variables. 


•  (50) 

•  (51) 

•  (52) 


/dv\/dp\  = 

\de  J t\dt  I v 
ldp\  (dv\ 
\dt  I e  \de/p 
Ulp\    (dv\   = 
\de/0  \dt  I e 


+  1 


(41) 
(42) 
(43) 
(44) 


Divide  the  following  equations,  member 
by  member,  and  reduce : 


Idv\  /de\  I  dt\  _ 
\de/t\dt/v\dv/e 
fdp\  /dv\  (de\  =  ^1 

«»*<«) -®.(&(*)r 


(42)-(44) 


(44)-(43) 


(46) 


(47) 


(49). 


1  .  (48) 


Also  multiply  (45)  and  (47)  member  by 
member  and  reduce,  [i.e.,  divide  the  pro- 
duct of  (41)  and  (44)  by  the  product  of 
(42)  and  (43)],  then  clear  of  fractions; 

(dv\  Ide\  _(dv\  lde\ 
\dp/t\dt/v     \dplXdtfp 

The  four  partial  differential  coefficients 
of  (49)  are  not  found  in  (41)  to  (44),  and 
their  values  in  terms  of  the  coefficients 
in  (41)  to  (44)  are  expressed  by  (45)  to 
(48).  The  equations  in  this  article  can  be 
proved  equally  well  by  considering  Fig. 
3  to  be  an  entropy  temperature  diagram. 
21.  Differentials  of  Heat. — Since  the 
state  of  a  unit  of  any  given  homogeneous 
substance  is  completely  determined  when 
any  two  of  the  variables  v  p  t  are  given,  it 
is  evident  that  the  variation  of  its  state 


.-.     dh=  (  — ')    dfc+(-— J  dv   . 

\dt/v  \dv/t 

dHtl/t+'Q.dp  • 
<MS).*+(i),*- 

For  brevity  and  clearness  of  concep- 
tion : — 

Let  Jcv  =  specific  heat  with  v  constant. 
"  kp  =  specific  heat  with^  constant. 
"     lv  =latentheat  of  dilatation  per  unit 

of  increase  of  v  with  t  constant. 
"     lp  = latent  heat  of  dilatation  per  unit 

of  increase  of  p  with  t  constant. 
"    hp  =  heat  received  per  unit  of  increase 

of  v  vdthp  constant.  " 
"    hv  =  heat  received  per  unit  of  increase 

of  p  with  v  constant. 

From  these  definitions  we  derive  the 
following  equations  which  are  further 
reduced  by  help  of  (18)  and  (41),  (42), 
(43),  (44). 

-  MSHSL.-  •  •  •  <53> 

MaH&-  •  •  :  <54) 

(dh\        (de\  (dv\         ,„„, 

MfHSHtl  •  •  <58> 

The  subscripts  of  h  and  k  state  which 
one  of  the  variables  is  considered  con- 
stant, but  the  subscripts  of  I  state  which 
one  of  them  is  variable. 

Equations  (50),  (51),  (52),  may  now  be 
written 


dh=kv  dt  +  lv  dv 
dh=kp  dc  +  lp  dp 
dh=hv  dp  +  hp  do 


(59) 
(60) 
(61) 
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which  may  be  applied  to  any  change  of 
state  of  a  homogeneous  substance  equally 
with  (3),  (4),  (5). 

1°.  Let  the  change  be  isothermal,  then 
dt=0. 

•••by  (61),  (D,=*. +*(!),.  (62) 

2°  Let  the  change  be  at  constant  vol- 
ume, 

.,by(60),(f)^  +  ^(|).(64) 

3°  Let  the  change  be  at  constant  press- 
ure 

■•• h?  <59>>  (§)=*•  + '-  (a),-  (66> 
■©/*+*  ffi,-(w 

Equations  (62)  to  (67)  may  be  written  by 
help  of  (53)  to  (58)  thus: 

.  .  (68) 

.  .  (69) 

•  •  (70) 

-  •  (71) 

Equations  (62)  to  (67)  may  also  be  written 
thus : 

(±)  -(d±\  =  (&)     (c^)      .     (72) 
\dpl  t     \dpl  v     \dvip~\dp! t 

/de\  _/c]e\       (c}±\     (c¥\  /?3v 

\dvJt     \dv/p     \dpiv   \dv) \ 

\dt)v~\dt/p~\dp/t    Xdilv   ' 

/de\  _/de\  _/de\     (dt\ 

\dp)  v     \dp) \     \dt  /  p    \dp/v  ; 

\di)p~\di)v==\dv)t    \di)p    *     ^ 
\dv)~\dc)t  =  \dt)v   Xdijj,    '     (77) 


dv\ 
dpi, 


(: 

Jcp  _(  dv\ 
hp      V  dt  I  p 

h.  _  (^P\ 

L  ~~\dv/t 


(80) 

<S1) 
(82) 
(83) 


Op    ly     lly     lV      -f-  Zip    Lp 

lp  lv  -znt\Kv  — Kp) 

lp     ly     — — ■  lly    t/V     tlhp         . 

lp    ly     ^^  lip    lp     "J"  1  Kv       . 


By  equations  (53)  to  (58).  we  also  obtain 
K      Ide \  _       /dv\ 
lv  ~~  \dpjv~     \dt  I 
kn  l  de 


kp  _  _  lde_  \    _  _  I  dp  \ 
lp  \dv  )p  ~      \dtjt 


(78) 
(79) 


Equations  (78),  (79),  (80),  and  (83)  are 
equivalent  respectively  to  (46),  (45),  (47) 
and  (48). 

"We  may  also  write  (49)  thus 

MS),=**(fl  •  •  •  •  -- 

22.  Equations  of  Condition. — By  the 
help  of  (59),  (60),  (61)  and  (10)  we  may 
write  (25)  in  either  of  the  following 
forms 

di=Jcv  dt+(lv  —p)dv  .  .  .  (85) 
di=Jcpdt-\-lpdp—pdv'.  .  .  (86) 
di=hv  dp+(hp  — p)dv  .     .     .    (87) 

But,^=(^*  +  (|)(#  .  .  (88) 
.-.  by  (86)  di= 

Now  (85),  (89),  and  (87)  are  exact  differ- 
entials by  art.  14;  hence  the  "equation 
of  condition  of  integrability  "  applies  to 
each  of  them;  and  it  may  expressed 
thus : 


>P  ~P 


©,}*<*> 


d 


(dkv  \        d  (  ) 

dprv~p(^)P\t 

=dt\lp~p\dp~)t\p  •   • 

(dhv  \  _d_j7  ) 

\  dvlp-dp}^     P-\v     * 

Effecting  the  differentiations  expressed 
in  these  equations  and  reducing  we  have, 
by  help  of  (41)  to  (44)  and  (55)  (56) : 

CIHtHiB  •  •  « 

A  \  _/dkp_\  =_/*\  Jp_       m, 

\  dt  fp    V  dp  lt         V  dt/p      t  K 


(90) 


(di) 

(92) 
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(tl-itl-1 (95) 

23.  The  Integrating  Factor  t~ 1. — To 
show  algebraically  that  (59)  and  (60) 
have  an  integrating  factor  =£~1,  suppose 
that  the  unknown  quantity  z  is  an  inte- 
grating of  these  equations,  then 

zdh=zkvdt-hzlvdv  ....  (96) 
zdh=zkp  dt  +  zlpdp  ....   (97) 

are  exact  differentials  which  fulfill  the 
condition  of  integrability,  which  condi- 
tion may  be  expressed  thus : 

d  /  ,    \        d 


(*"  )«=*(*). 


(98) 
(99) 


dv\ 

djh)t=af(zlp)p 

Effecting  the  differentiations  we  have 

By  help  of  (93)  and  (94),  (55)  and  (56) 
we  may  write  (100)  and  (101)  thus: 

HS,^ffl.+«(aa  ■■■'««* 

It  is  known  from  the  theory  of  differ- 
ential equations  that  z  may  have,  in 
general,  any  one  of  an  infinite  number 
of  values.  If  possible,  let  one  of  these 
values  have  the  form 

*=/0        ....        (104) 

then,      (|)=0,     and     (g)=0 .  (105) 

Hence  (102)  and  (103)  reduce  to  the 
same  form,  viz., 


dt 

t  ' 


dz 


i*-1 


(106) 


This  result  shows  that  the  supposition 
made  in  (104)  is  possible,  and  that  the 
unknown  form  of  function  in  (104)  is  that 
expressed  in  (106). 

24.  Perfect  Gases. — The  experimental 
law  of  Gay  Lussac  for  perfect  gases  is 


pv 
T 


=  ^=c 


(9) 


in  which  c  is  a  constant  to  be  determined 
for  each  gas.     Hence  for  perfect  gases, 

By  (55)    lv  =  t(^^   ...  lv=p,  (107) 
By  (56)    lp=-t{^j     .-.  ^  =  0,(108) 

.-.  by  (69),  kp  -  kv  =  ^  =  ^-°=c,  (109) 

Regnault*  has  shown,  experimentally, 
that  kPf  the  specific  heat  at  constant 
pressure,  may  be  regarded  as  constant 
for  perfect  gases,  and  hence  JcVj  the  spe- 
cific heat  at  constant  volume,  is  also  con- 
stant for  such  gases. 

We  can  now  show  that  kp  -  kv  the  ad- 
ditional heat  necessary  to  cause  the  ex- 
pansion of  the  gas  is  all  expended  in 
external  work.     Since  p  is  constant, 

by  (10),     f  dw=pf  dv=p(vi-v1)  (110) 


By  (9), 


}y{v.-vl)      p0  v0 


L—t 


(111) 


When   t„-t=l°,    we   have   by   (109), 

(110),  (111), 


kp  -  kv  —  p{v^— v^ 


(112) 


hence  no  work  is  done  against  internal 
forces  during  the  expansion,  and  Jcv  is  the 
true  specific  heat.  Hence  for  perfect 
gases,  dm=0. 

Known  gases  are  very  nearly  perfect 
in  states  distant  from  the  point  of  lique- 
faction, but  as  they  approach  that  point 
internal  attractions  are  called  into  play 
which  assist  the  condensation  and  cause 
the  volume  to  be  less  than  that  of  a  per- 
fect gas  at  the  same  pressure  and  tem- 
perature. 

25.      ISOTHERMALS      AND      AdIABATICS     OE 

Perfect  Gases. — From  (9)  it  appears 
that  when  t  is  constant, 

pv=b,  ...  (113) 
in  which  b  is  a  constant  which,  by  (9),  is 
known  when  the  temperature  of  the  iso- 
thermal is  given.  Hence  the  isother- 
mals  of  perfect  gases  are  rectangular 
hyperbolas,  which  is  the  experimental 
law  of  Mariotte. 

In  order  to  obtain  the  adiabatics  of 
perfect  gases,  let  us  apply  the  general 
equations  (59),  (60),  to  this  case,  which 
by  (107),  (108),  may  also  be  written  thus: 
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dh=kv  dt+pdv      .     .     (114) 
dh=kp  dt—vdp      .     .     (115) 

In  order  to  integrate,  we  must  (arts. 
14  and  23)  divide  by  t, 

.-.by  (109)     de=kvj+c—      .     (116) 

de=Jcpd±-cdP.      .     (in) 
^  t  p  ' 

t  v 

.-.  e—ea=kv  log.e  —+c  log.e  —  (118) 

t  7) 

e—e=kp  log.e  - —  c  log.e  —   (119) 

These  results  are  general  and  express 
the  total  entropy  imparted  during  any 
change  of  state  of  a  perfect  gas  from 
any  given  initial  state  denoted  by  the 
subscript  0. 

.    .     .  (120) 

•  •  (121) 

•  ■  (122) 


Now  let,  Jep  -i-kv  =n 
.-.\by(109),     kv 


and 


tor, 


n—1 

en 


p~n-l    *     ' 

in    which    n—lAl    nearly,    for   perfect 
gases. 

We  may  now  write  (118),  (119)  thus 

to71'1 
e-e^klog.e—z     •     ■      •      (123) 


■  e—  e0=kv  log.e 


tnp 


tnvl-n     ■        ■        ■        (124) 

We  may  also  eliminate  temperature  from 
(118),  (119) 

.-.  (e— e0)(kp  —hv  ) 

=  c(kp  log.e  —  +  kv  log.e  ~ )     •     (125) 


.-.  e~e=kv  loc 


PoV* 


(126) 


In  order  to  obtain  the  equations  which 
express  adiabatic  change,  in  (118),  (119), 
let 

e-e=0     ....     (127) 

t  v 

■■•    ^g.e  —  =  (W-1)  log.e  ~- 


n  —  1  p 

—log.e  -— 

n  2\ 


t„       1   V 


=\M 


(128) 
(129) 


»  ( v    )n 

.:  *-—  —  \  -2-  \  ,  or  pvn  =pav.n  =za(130i 
1\  I  v  j 

in  which  a  has  different  constant  values 
for  the  different  adiabatics.  The  adia- 
batics  of  perfect  gases  are  hyperbolic  in 
form,  but  they  cross  the  isothermals 
somewhat  as  represented  in  Figs.  1  and 
3. 

26.  Flow  of  Perfect  Gases. — Let  the 
converging  curved  lines  in  Fig.  4  repre- 
sent the  outlines  of  a  stream  of  gas 
moving  from  a  place  of  greater  to  a  place 
of  less  pressure.  It  is  of  no  consequence 
whether  the  sides  of  the  stream  be  con- 
ceived to  be  bounded  by  solid  walls,  or 
other  portions  of  the  gas.  Draw  any 
surface  cutting  all  the  stream  lines  of 
the  stream  at  right  angles,  and  also  a 
second  surface  infinitely  near  the  first 
and  parallel  to  it. 

Let  /=area  of  the  surface  cutting  the 
stream. 

"     dz= thickness  of  lamina  between  the 

two  surfaces. 
"    dp=-  difference  of  pressure  on  opjjo- 

site  surfaces  of  lamina. 
"      v= volume  of  one  cubic  unit  of  gas 

in  the  lamina. 
"      v= velocity  of  the  stream. 
"      <7= acceleration  of  gravitation. 
Then,    fdz= volume  of  the  lamina, 

"     ~fdp— moving  force  acting  on  the 
lamina, 


gv 


fdz 
gv 


=mass  of   one  cubic  unit  of 

gas  in  the  lamina. 

= constant  mass  of  lamina  in 

any     position     along     the 
stream. 

Now  from  the  elementary  principles  of 
dynamics  the  acceleration  of  any  mass  is 
equal  to  the  moving  force  divided  by  the 
mass  moved. 

d  /  v3  \  _     gvdp 
'""  dz\2^)~~~dz 


vd*=ik) 


(131) 


As  is  well  known,  (131)  expresses  the 
energy  of  motion  imparted  to  a  unit  of 
weight  of  the  gas. 

In  ordinary  cases,  the  efflux  of  a  gas 
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occurs  with  such  rapidity  that  no  heat 
can  be  communicated  to  it  during  the 
process,  in  which  case  the  efflux  is 
adiabatic. 

To  find  the  velocity  of  flow  in  this  case 
from  the  state  1  to  the  state  2,  it  will  be 
most  convenient  to  express  vdp  of  (131) 
in  terms  of  t  by  (129) 

•'•  v=vil )^  •  •  •  •  (132) 

dp=  — *%-  (  -^  dt (133) 

2g     n—\J  i  n—l\       tj     v       ' 

From  (134)  the  velocity  of  efflux  v  can 
be  expressed  by  (129)  in  terms  of  the 
initial  and  final  pressures  or  volumes,  as 
well  as  in  terms  the  temperatures  em- 
ployed in  (134),  for  by  (129) 


H£T«®T---c*> 


v' 


n—± 


(136) 


in  which  we  can  use  either  value  of  r 
given  in  (135). 

The  greatest  velocity  occurs  when 


r=0, 


/2gcnt\% 


(137) 


is  the  velocity  with  which  a  gas  flows 
into  a  vacuum. 

But  to  find  the  conditions  for  the  flow 
of  the  maximum  quantity  per  second,  it 
is  necessary  to  make  v  -—  vQ  a  maximum ; 
for  this  is  the  weight  of  gas  flowing 
across  a  unit  area  per  second, 
l 


v_       n— lj  n{l— r) 
V-P*r       1c(n-lK 


M 


n  +  1 
is  the  condition  for  a  maximmn. 

,by(136),,=  (^,.. 

is  the  velocity  of  maximum  flow. 


(138) 
(139) 

(140) 


27.  Perfect  Gas  Flowing  into  a 
Vacuum. — Suppose  that  any  gas,  as  the 
atmosphere,  flows  at  a  constant  initial 
temperature  t1  and  pressure  p1  into  a 
receiver  in  which    the    temperature    is 


t^ntx,  in  which  n  has  the  value  before 
given. 

It  is  evident  that  the  work  done  by 
the  exterior  pressure  in  forcing  a  unit  of 
gas  into  the  receiver  is  p^v^ct^  and  the 
energy  already  existing  in  a  unit  of  gas 
as  sensible  heat  is,  by  art.  24,  kv  tx  for  kv 
is  the  true  specific  heat;  hence,  the  total 
energy  gained  by  the  receiver  with  each 
unit  of  gas  is  the  sum  of  these  quantities. 

.-.  by  (121)     (c  +  fc,  )*!=«*?*,     •     (141) 

is  the  total  energy  gained  with  each  unit 
of  gas.  This  energy  gained,  if  used  only 
in  heating  the  unit  of  gas  which  carries 
it  in,  will  raise  that  unit  to  a  tempera- 
ture, 

t=nt,    ....     (142) 

since  kv  will  raise  it  1°.  But  when  the 
gas  already  in  the  receiver  has  a  tempera- 
ture t2=?it],  the  energy  of  the  gas  which 
enters  vail  be  employed  in  heating  itself 
alone. 

When  the  receiver  is  empty  at  the  be- 
ginning of  the  flow,  the  energy  carried 
into  it  can  be  expended  only  in  heating 
the  gas  itself.  The  gas  consequently 
rises  to  the  temperature  t^=nti:  and  con- 
tinues at  that  constant .  temperature  dur- 
ing the  influx,  provided  no  heat  is  lost  or 
gained  by  processes  other  than  those 
mentioned.  This  remarkable  result  was 
first  obtained,  but  in  a  different  manner, 
by  Bauschinger. 

28.  Flow  of  Imperfect  Gases. — No 
one  of  the  more  perfect  gases  obeys  pre- 
cisely the  law  of  Gay  Lussac,  when  the 
absolute  zero  of  temperature  is  that  de- 
fined by  the  third  law.  But  each  gas 
may  be  taken  to  obey  a  law  expressed  by 
the  equation 


(143) 


f     t: 

in  which  t'  is  temperature  measured  by  a 
thermometer  constructed,  as  in  art.  9,  of 
the  particular  gas  under  consideration. 
In  that  case  V  will  differ  slightly  from  t, 
and  the  difference,  t—t',  will  be  differ- 
ent for  different  gases.  By  reason  of 
difficulties  met  with  in  experimenting 
on  gases  at  widely  different  pressures, 
Thompson  has  proposed  to  measure  the 
amount  by  which,  any  gas  diverges  from 
the  law  of  Gay  Lussac  by  causing  it  to 
flow  through  a  tube  at  one  point  of  which 
is  an  obstruction,  called  a  porous  plug, 
which  causes  a  slight  difference  of  press- 
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ure  in  the  tube  on  either  side  of  it.  If 
the  gas  is  imperfect,  there  will  be  a  slight 
change  of  temperature  after  passing  the 
ping,  as  may  be  seen  from  the  following 
discussion : 

By  (56)  and  (60),  dh=7cp  dt-t(-£\dp  (144) 

Now  let  the  difference  of  pressure  on 
the  two  sides  of  the  plug  be  dp,  then 

by  (131),         dh--vdp  .  .     .     .     (145) 

for  the  only  energy  supplied,  when  the 
gas  forms  a  steady  stream,  is  that  pro- 
ducing the  motion  through  the  plug. 
Therefore  by  (144)  and  (145) 

^H1®,-}*  ■ (146) 

which  vanishes  for  a  perfect  gas,  but  in 
an  imperfect  gas 

by  (143),     Jcpdt=c'{t-t')C!^      .      (147) 

In  integrating  this  equation  {t—t')  is 
considered  constant  for  any  given  gas 
within  the  range  of  the  experiment, 


M<a-0=c'(*--*')iog. 


p. 


(148) 


In  (148)  we  can  without  sensible  error 
measure  the  difference  of  temperature  by 
the  gas  thermometer,  i.e., 

t-t=t;-t;  ....   (149) 

Hence  t—t'  can  be  found,  since  all  the 
other  quantities  in  (148)  can  be  deter- 
mined experimentally. 

Experiments  by  Joule  and  Thompson 
gave  a  slight  decrease  in  temperature  after 
passing  the  plug  for  all  the  permanent 
gases  except  hydrogen,  which  was  heated 
very  slightly.  Air  was  cooled  slightly, 
but  carbonic  acid  gas  was  cooled  much 
more  than  oxygen,  nitrogen  or  air.  The 
cooling  effect  is  much  diminished  at  high 
temperatures,  and  there  is  doubtless  a 
particular  temperature  for  each  gas  at 
which  it  is  perfect. 

29.  Sound  in  a  Pebfect  Gas. — For  the 
sake  of  simplicity,  consider  a  uniform 
tube  of  the  gas  extending  in  the  direc- 
tion in  which  the  sound  is  propagated, 
and  having  a  cross  section  of  one  square 
unit.  Suppose  that  the  tube  is  cut  at 
right  angles  by  two  moving  planes  which 
remain  at  a  small  constant  distance  from 
each  other,  and  that  both  of  these  cutting 


planes  move  along  the  tube  with  the 
velocity  with  which  sound  itself  moves. 
Let  the  first  plane  cut  the  tube  at  a 
point  where  the  specific  pressure  and 
volume  of  the  gas  are  the  same,  as  in  the 
still  gas  which  is  unaffected  by  the  sound 
wave.  Then  the  lamina  between  the 
planes  receives  through  the  front  plane 
the  same  quantity  of  gas  per  second  as 
if  moving  with  the  same  velocity  through 
still  gas.  Also,  since  the  lamina,  in  mov- 
ing with  the  sam'e  velocity  as  the  sound 
wave,  remains  stationary  in  the  same 
part  of  the  wave  its  density  remains 
stationary,  hence  it  rejects  the  same 
quantity  of  gas  through  the  second 
plane  that  it  receives  through  the  first. 

Let  v=velocity  of  sound  which  is  also  the 
velocity  of  the  gas  at  first 
plane. 

Y  +  dY= velocity  of  gas  at  second 
plane. 

y= volume  of  a  unit  of  gas  at  the 
first  plane. 

v-\-dv= volume  of  a  unit  of  gas  at 
the  second  plane. 

q= quantity  of  gas,  by  weight,  enter- 
ing and  leaving  the  lamina 
per  second. 

dp= difference  of  pressure  at  first 
and  second  planes. 

Then;  v=qv (150) 

is  the  volume  swept  through  by  either 
plane  -face  of  the  lamina. 

Also,  dv=qdv     ....     (151) 

is  the  difference  of  velocities  of  the  gas 
at  the  two  faces  of  the  lamina. 


And, 


■  dp=-dv 
9 


(152) 


is  the  force  acting  on  the  mass  q-^g  to 
cause  the  acceleration  rfx. 

■••«-=-&-'--$).*'■  om 

The  propagation  of  soiuid  is  so  rapid 
that  the  gas  undergoes  an  adiabatic 
change,  and  this  is  expressed  by  making 
entropy  constant  as  we  have  done  in 
(153). 

dp\ _     np 


.:  by  (109),       v=V~mgi 


ngpv    (154) 
.     .     (155) 
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which  is  the  ordinary  formula  for  the  ve- 
locity of  sound. 

By  (137)  the  velocity  with  which  a  gas 
enters  a  vacuum  exceeds  the  velocity  of 
sound  in  the  ratio 


a/2  :  a/w— 1=2-|  nearly. 
By  (140)  the  velocity  of  greatest  flow  is 
less   than  the  velocity   of  sound  in  the 
ratio 

a/2    :  \/n  + 1 = t  it  nearly. 


THE  THEORY  OF  TURBINE  WHEELS. 

A   REVIEW   OF   PROF.    TROWBRIDGE'S   RECENT   ARTICLE. 
Bt  Prof.  WM.  H.  BURR. 

Written  for  Van  Nostrand's  Magazine. 


Fkom  the  deservedly  high  position  oc- 
cupied by  Professor  Trowbridge,  his  late 
article  on  Turbines  will  be  likely  to  con- 
vey permanent  impressions  of  a  very 
erroneous  character. 

His  objection  seems  to  be,  that  Weis- 
bach,  Bankine  and  others  "  insist "  that, 
for  the  best  performance  of  a  wheel,  the 
water  shall  enter  without  shock;  while 
he  holds  that  an  equal  efficiency,  at  least, 
may  be  obtained  if  the  relative  velocity 
be  not  tangential  to  the  buckets  at  the 
point  of  entrance  into  the  wheel.  In 
other  words,  if  resistances  be  left  out  of 
consideration,  it  is  a  matter  of  no  import- 
ance whether  there  is  or  is  not  shock. 
Now  if  the  consideration  of  resistances 
be  omitted,  and  if  "shock,"  be  of  no  im- 
portance one  way  or  the  other,  then  it 
follows  that  a  formula  for  curved  floats 
ought  to  give  precisely  the  same  result 
whether  the  relative  velocity  of  entrance 
be  tangential  in  direction  or  not.  In 
fact  the  formulae  of  Weisbach  show  this 
exactly,  as  do  those  also  of  Bresse  and 
Bankine.  In  order  to  verify  this  state- 
ment let  any  one  turn  to  the  expressions 
for  the  efficiency  of  a  turbine  in  Art  .260 
of  Dubois'  translation  of  Weisbach's 
work  on  water  wheels,  Eq.  21,  Art.  15  of 
Mahan's  translation  of  Bresse  on  "Hy- 
draulic Motors"  (John  Wiley  and  Son, 
1869),  and  Eq.  6  Art.  174  of  Bankine's 
"  Steam  Engine  and  other  Prime  Movers," 
5th  edition;  in  no  one  of  these  expres- 
sions is  there  anything  found  depending 
upon  the  angle  which  the  bucket  makes 
with  the  circumference  of  the  wheel  at 
the  point  of  entrance  into  it.  Now  the 
matter  of  shock,  or  no  shock,  depends 
upon  the  value  given  to  that  angle  and 


since  the  expressions  for  the  efficiency 
do  not  in  any  wise  dej)end  upon  such  a 
value,  they  manifestly  are  not  based  upon 
the  "theorem  or  axiom"  that  the  "water 
must  enter  the  wheel  without  shock." 

"What  those  authors  say  is  that  the 
"water  must  enter  the  wheel  without 
shock  "  in  order  to  get  the  best  results, 
simply  because,  if  there  is  shock,  eddies, 
consequent  upon  the  impact  of  water  in 
water,  will  be  produced  giving  rise,  as  is 
well  known,  to  no  small  loss  of  energy, 
so  far  as  useful  effect  is  concerned.  This 
element  is  of  such  uncertain  value,  how- 
ever, in  a  turbine  that  the  authors  above 
mentioned  made  no  attempt  to  allow  for 
it  in  their  expressions  for  efficiency,  but 
state  explicitly  that  the  wheels  which  they 
treat  are  supposed  to  rim  under  the  most 
favorable  conditions  possible. 

Again  in  the  first  part  of  his  article 
Professor  Trowbridge  seems  to  hold  that 
what  he  considers  the  erroneous  views  of 
the  authors  above  cited,  leads  them  to 
make  what  Weisbach  designates  as  the 
angle  (1  so  large,  that  no  work  can  be 
done  by  impulse,  and  would  seem  to  im- 
ply that  this  is  a  disadvantage.  Now 
Bresse,  in  Art.  16  of  the  work  already 
named,  advises  that  this  angle  be  made  a 
little  less  than  90°,  which  will  allow  of 
some  work  being  done  by  impulse. 

Weisbach,  however,  in  art.  254  of  Du 
Bois'  translation,  advises  as  high  as  100° 
to  120°,  and  so  far  as  I  am  able  to  de- 
termine from  the  data  before  me,  Mr. 
Francis  has  never  made  the  angle  less 
than  90°,  but  as  high  as  119°  in  his 
"Centre-Vent"  Boott  wheel,  thus  effectual- 
ly preventing  all  work  by  impulse. 

Prof.    Trowbridge's   objections,  there- 
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fore,  can  not  in  any  sense  hold  against 
the  investigations  of  the  authors  named. 
The  faults  on  which  he  bases  his  object- 
ions do  not  exist. 

The  influence  of  the  indirect  effect  of 
shock  in  loss  of  energy  by  induced  ed- 
dies, in  Weisbach's  formula  for  the  effi- 
ciency may  easily  be  seen  by  referring  to 
the  Art.  260  already  cited.  His  expres- 
sion for  the  efficiency  is; 

Tj-—\—  0 

„   (\       /rsmd\3}       ,  /  .     S\ 


(a) 


C  {l+/^)3l+2cot«sm<r 
(_        \r1  sin  a/  ) 

Now  the  manner  in  which  that  equa 
tion  is  established  shows  that  the  loss  of 
energy  by  the  shock  considered  would 
cause  a  term  of  the  form,  £,/"()#),  to  enter 
the  numerator  of  the  second  term  of  the 
second  member ;  C,  being  a  co-efficient  of 
resistance  for  the  impact  of  water  in 
water  and  /  (/5),  a  term  dependent  upon 
the  angle  ft,  the  angle  at  winch  the 
buckets  cut  the  circumference  of  the  wheel 
at  the  point  of  entrance  into  it.  It  is 
evident  that  this  term  would  diminish 
the  efficiency,  as  it  should. 

Mr.  Francis  himself  virtually  points 
out  the  existence  of  this  term  for  his 
"Centre-Vent"  wheel,  on  page  69  of  Van 
Nostrand's  last  edition  of  his  "Lowell 
Hydraulic  Experiments,"  though  in  that 
case  the  inrpact  is,  to  a  considerable  ex- 
tent, probably,  due  to  another  cause 
which  will  be  indicated  further  on. 

It  will  now  be  shown  that  the  formula 
for  the  efficiency  given  by  Bresse  is  identi- 
cal with  Prof.  Trowbridge's,  and  that  the 
same  holds  for  "Weisbach's  when  resists 
ances  are  omitted,  which  is  assumed  by 
Prof.  Trowbridge. 

The  general  expression  for  the  effi- 
ciency which  Prof.  Trowbridge  arrives  at 
is 

E  =  1_^sinr2 

Let  'vr  sin  y,  the  absolute  velocity  of 
escape  from  the  wheel,  be  represented  by 
w;  then 


E  =  l- 


w 
v? 


■(*) 


The  quantity  v1  is  the  velocity  due  to  the 
whole  head  available  in  any  particular 
case. 


On  page  89  of  the  edition  of  Mahan's 
Bresse,  already  noticed,  if  w  be  put  for 
v1  and  v,2  for  (2^rH),  as  must  be  done  to 
bring  both  formula?  to  the  same  notation, 
there  results  this  expression  for  the  effi- 
ciency, which  is  identical  with  Eq.  (b): 


jj,=1 


(C) 


In  Eq.  (a),  Weisbach's  expression,  if 
resistances  be  omitted  and  H  represent 
the  total  fall,  there  will  result; 


77=1- 


4*'(sijl  2) 
v1  cot  a.  sin  6 


But  Weisbach  shows  that, 


!=4u2(sin  2)  , 


and 


2gH=v*=2vi  cot  «.  sin  6  ; 


hence 


//— 1 , 


id) 


This  again  is  Professor  Trowbridge's 
formula. 

It  is  clear,  therefore,  that  any  objection 
which  holds  against  the  formulae  of 
Weisbach,  Bresse,  and  consequently 
Rankine,  holds  with  equal  force  against 
the  formula  of  Professor  Trowbridge. 
Also,  that  if  there  be  omitted  from  Weis- 
bach's expression  that  which  makes  it  of 
real  practical  value,  or,  in  other  words, 
if  we  make  it  about  as  loose  an  approxi- 
mation as  we  can  well  have  (since  the 
efficiency  must  be  less  than  unity  in  any 
case),  there  results  the  formula  of  Pro- 
fessor Trowbridge.  Equations  (b).  (c) 
and  (d)  are,  however,  all  correct  under 
the  supposition  of  no  resistances. 

The  expressions  for  efficiency  and  best 
velocity  of  rotation  arrived  at  by  Weis- 
bach will  be  tested  by  the  results  of  some 
of  the  best  experiments  on  Turbines  that 
probably  were  ever  made. 

Reference  is  made  to  the  experiments  of 
Mr.  Francis  in  the  Tremont  Turbine  and 
Centre-Vent  Wheel  at  the  Boott  Cotton 
Mills,  as  given  in  the  third  edition  of  his 
"Lowell  Hydraulic  Experiments;"  also 
his  experiments  on  a  Swain  Turbine,  pub- 
lished in  the  Journal  of  the  Franklin 
Institute  lor  April,  1875;  and.  finally,  to 
the  experiments  on  a  Swain  Turbine  by 
Hiram  F.  Mills,  C.E.,  at  Lowell,  Mass!, 
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in  June  1869,  published  in  the  Franklin 
Institute  Journal  and  republished  in 
1872  by  the  Swain  Turbine  Company  in 
a  business  pamphlet. 

The  experiments  chosen  will  be  those 
for  a  full  gate  only,  as  those  are  the  only 
ones  to  which  the  formulae  directly  apply. 

Some  of  the  angles  used  I  have  been 
obliged  to  measure  from  such  plates  as  I 
have  at  hand,  and  it  is  barely  possible 
that  the  values  taken  may  be  a  little  in 
error,  but  not  not  enough  to  make  any 
sensible  difference  in  the  results. 

The  extreme  outer  radius  of  the 
Fourneyron  wheel  and  the  interior 
radius  of  the  inward  and  downward 
flow  wheels,  have  been  diminished  by  a 
little  less  than  one-half  the  shortest  dis- 
tance between  the  buckets  for  obvious 
reasons. 

The  notation  used  is  that  of  Weisbach, 
and  has  no  connection  with  that  used 
before. 

Weisbach' s  expression  for  efficiency,  as 
already  explained,  is  eq.  (a) ;  his  formula 
for  best  velocity  of  the  interior  circum- 
ference of  the  Fourneyron  and  exterior 
circumference  of  the  others,  is  found  in 
Art.  251  of  Du  Bois'  translation  before 
mentioned;  it  is  denoted  by  vx.  Inas- 
much as  Weisbach's  formulae  are  to  be 
tested,  his  value  of  £=0.075  =  ?,  will  be 
used. 

TREMONT    WHEEL. 

For  experiment  No.  30,  3d  edition, 
Lowell  Hydraulic  Experiments,  pages  32 
and  33:— 

«=28°  r  =  4.1ft. 

/?=90°  r=  3.4  ft. 

£=11°         _h  =12.9  ft. 

^=0.66^/2^=19.2  ft. 
Experiment  gives:      v1 =18.05  ft. 

7/= 1-0.16  =  0.84 
Experiment  gives:        ?/= 0.794 

CENTRE-VENT    BOOTT    WHEEL. 

For  experiment  No.  30,  pages  66  and 
67,  3d  edition,  Lowell  Hydraulic  Experi- 
ments— 

a=     9°.5  r  =  3.95    ft. 

/3=119°.0  r=  4.67    ft. 

d=  11°.0         _h  =13.378  ft. 

«1-0.716a/2^A=21.01  ft. 

Experiment  gives:      7^=19.71  ft. 

77=1-0.0756=0.924 


Experiment  gives:       ?/= 0.797 

This  particular  experiment  was  taken 
because  the  results  are  about  the  mean 
of  those  of  seven,  giving  essentially  the 
same  efficiency. 

SWAIN    TURBINE. 

Experiment  134  of  those  made  by  Mr. 
Francis  at  Lowell,  in  Feb.,  1875,  and 
published  in  the  Journal  of  the  Franklin 
Institute  for  April,  1875. 

The  value  of  6  is  taken  to  be  a  half 
of  the  sum  of  its  values  at  the  highest 
and  lowest  points  of  exit  from  the  wheel. 
It  is  not  at  all  probable  that  this  is  ex- 
actly right,  but  it  is  about  as  near  as  can 
be  obtained,  and  it  is  evident  that  not 
much  of  an  error  is  involved. 

All  molecules  of  water,  also,  have  ap- 
proximately the  same  length  of  path  in 
the  wheel,  hence  the  value  of  r  is  taken 
as  if  the  wheel  were  wholly  an  inward 
flow  one 


S= 


=12°.5 


A =12.41  feet. 


«=14°  r  =22.5  inches. 

/?=95°  ^  =  36.0  inches. 

18  +  7 
2 

vi=0.flOV2gh=19.8  feet. 
Experiment  gives:         7^  =  21.48  feet 

?7=1-0.079=0.921 
Experiment  gives :         77=0.834 

SWAIN    TURBINE. 

Experiment,  No.  11  of  the  series,  made 
by  Hiram  F.  Mills,  C.E.,  at  Lowell.  Mass., 
June,  1869. 

Observations  made  on  the  data  of  the 
previous  example,  apply  here  also. 


a=    22° 

/i=104° 

»     20  +  7 

0  = K : 


r  =12.2  inches. 
7^  =  21.0  inches. 

:13°.5         A= 14.255  feet. 


«1=0.723a/2^A=21.9  feet. 

Experiment  gives:  7^  =  21.8  feet. 

77=1-0.113  =  0.887 
Experiment  gives:         ?/=0.822. 

Weisbach's  formula  gives  the  efficiency 
of  the  wheel  simply  as  a  user  of  water, 
implicitly  considering,  therefore,  the 
wheel  friction  as  useful  work.  If  Prof. 
Trowbridge's  figures,  therefore,  be  taken, 
there  should  be  added  to  each  of  the 
above  experimental  efficiencies  the  frac 
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tion  0.03.  Then  taking  them  in  the 
order  of  the  examples  they  would  stand 
as  follows: 

7^=0.824 

7=0.827 

7] =0.864 

?/=0.852 

A  critical  comparison  may  now  be 
made  between  the  results  of  calculation 
and  experiment.  Mr.  Francis'  table  for 
the  Tremont  Turbine  shows  that,  with 
an  essentially  full  gate,  vt  in  the  six  ex- 
periments for  which  the  efficiency  was 
0.79  or  over,  varied  from  17.3  feet  to 
18.40  feet,  while  the  formula  gave  vt=  19. 2. 
With  this  last  value  of  v1  the  Tremont 
Turbine  gave  a  corrected  efficiency  of 
over  0.81. 

The  corrected  expei'imental  efficiency 
above  is  0.824 ;  the  formula  gives  0.84 ; 
this  disagreement  is  certainly  small. 

The  analytical  results,  then,  for  the 
Tremont  Turbine  surely  are  to  be  classed 
as  excellent,  and  formulae  which  can  be 
depended  upon  to  give  as  good  -results 
are  worthy  of  the  confidence  of  an 
engineer. 

The  analytical  and  experimental  results 
for  the  second  example,  the  Center-Vent 
Wheel,  do  not  agree  as  closely,  and,  in- 
deed, an  examination  of  the  wheel  shows 
why  they  can  not. ,  The  distance  between 
the  wheel  and  the  guides  is  more  than 
two-thirds  the  shortest  distance  between 
any  two  consecutive  guides,  and  the  an- 
gle a  is  taken  so  small  (9.5°  only)  that 
the  entering  stream  is  directed  nearly 
tangentially  to  the  wheel.  There  must 
result,  therefore,  some  impact  of  water  in 
water  in  the  annular  space  between  the 
guides  and  buckets,  consequently,  con- 
siderable loss  of  energy  by  eddies,  etc., 
will  follow.  The  angle  p  was  also  so 
chosen,  as  Mr.  Francis  himself  shows  (page 
69),  that  there  is  appreciable  impact  of 
water  in  water  at  the  section  of  entrance 
into  the  wheel. 

This  shows  why  there  ought  not  to  be 
any  impact  in  entering  the  wheel,  and  it 
is  the  very  thing  that  Wiesbach,  Bresse, 
and  Rankine  guard  against. 

The  investigations  of  those  authors 
show  that  loss  of  energy  was  to  have  been 
anticipated  from  such  injudicious  choice 
of  the  angles  a  and  (i.  It  is  to  be  noticed 
that  much  larger  values  of  a  are  found  in 


the  Swain  Turbines  taken,  and  that  con- 
siderably larger  efficiencies  are  obtained. 

It  has  already  been  shown  how  the 
formula  for  the  efficiency  should  be 
changed  to  meet  this  case,  and  how  it 
(the  efficiency)  would  be  decreased  by 
the  change.  The  analytical  value  of  vt 
is  certainly  as  near  the  experimental  as 
could  be  expected  under  these  circum- 
stances. It  will  be  shown  further  on  how 
a  term  can  be  introduced  in  the  value  of 
y,  so  as  to  make  it  apply  to  this  case,  and 
that  the  effect  of  such  a  term  would  be  to 
decrease  the  velocity  ur  The  discrepan- 
cies, then,  in  this  case  should  really 
strengthen  one's  confidence  in  the  formula; 
in  other  words  they  are  confirmatory. 
This  is  so  because  the  formulae  do  not 
apply  to  all  the  circumstances  of  the 
present  case,  whereas  if  the  proper  terms 
were  introduced  in  accordance  with  the 
general  theory  on  which  they  are  based 
the  resulting  changes  would  be  in  the 
proper  direction. 

It  will  also  be  shown  that  the  formulae 
of  Wiesbach  indicate  a  high  pressure  at 
the  point  of  departure  from  the  guides, 
and  the  result  is  confirmed  by  the  experi- 
ments. There  would  be  considerable 
loss  under  this  head  but  for  the  admira- 
ble arrangements  for  the  prevention  of 
leakage. 

The  results  in  the  third  example  are  very 
good.  The  disagreement  in  the  efficien- 
cies is  between  0.05  and  0.06,  and  in  the 
values  of  v1  about  the  same  portion  of 
^Jlgh.  Experiment  137  shows  that  with 
v1  equal  to  0.70  ^/^gli,  nearly,  the  result- 
ing efficiency  was  about  0,85,  when  cor- 
rected for  wheel  friction. 

Bearing  in  mind,  also,  that  exact  values 
for  r  and  6  could  not  be  obtained,  it  is 
clear  that  the  operations  of  the  formulae 
are  most  creditable. 

The  analytical  results  in  the  last  case 
agree  so  nearly  with  the  experimental 
that  they  are  almost  suspicious,  neverthe- 
less they  are  honest  calculations  and 
show  how  thoroughly  reliable  the  formu- 
lae are. 

Some  other  considerations,  still  more 
confirmatory,  if  possible,  of  Wiesbach"s 
formulae  remain  to  be  noticed. 

He  shows  that  if  fi  be. greater  than  2a, 
there  will  be  unbalanced  outward  press- 
ure at  the  point  of  exit  from  guide  curves. 
In  the  Centre-Vent  Boott  Wheel  the 
pressure  head  at  that  point  may  be  calcu- 
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lated  from  the  amount  of  water  dis- 
charged and  the  total  area  of  exit  guide 
orifices,  and  there  is  found  an  unbal- 
ancced  head  of  water  equal  to  about  7.7 
feet.  This  is  a  confirmatory  result,  be- 
cause in  this  case  fi  is  several  times 
greater  than  2a.  • 

In  the  Tremont  Turbine  there  will  be 
found  an  unbalanced  pressure  head  at  the 
same  point  of  about  6  feet.  This  was  to 
be  anticipated,  since  /?>3a. 

The  formulae  indicate,  therefore,  just 
what  the  experiments  show,  i.  e.,  if  small 
values  of  a  are  used,  then  unusual  pre- 
cautions must  be  taken  to  prevent  leak- 
age; this  certainly  was  effectually  done 
in  the  Lowell  wheels,  including  the 
Swain. 

Weisbach  and  Bresse  seem  to  lay  un- 
necessary stress  on  the  point  of  taking  a 
and  /i  so  that  there  will  be  no  unbalanced 
outward  pressure  at  the  exit  from  the 
guides,  for  the  following  reasons : 

Equation  (a)  shows,  since  the  co- 
tangent of  a  small  angle  is  very  large 
and  increases  very  rapidly  as  the  angle 
decreases,  that  a  small  value  of  a  will  give 
a  considerable  increase  of  efficiency  over 
that  which  will  be  obtained  by  a  little 
larger  value.  It  follows  from  the  formu- 
lae, therefore,  that  it  is  best  to  take  pre- 
cautions against  leakage  and  make  a 
small,  as  was  done  in  the  Swain  Turbines 
at  Lowell. 

The  general  theory  of  hydraulic  resist- 
ances, however,  show  that  a  minimum 
limit  may  be  reached  below  which  it  is 
not  best  to  go.  For  with  a  very  small 
angle,  a,  the  stream  issuing  from  any 
guide  orifice  becomes  very  thin  in  com- 
parison with  the  width  of  the  annular 
space  occupied  by  the  regulating  gate, 
and  its  direction  becomes  nearly  tangen- 
tial to  the  wheel;  disturbances  caused 
by  impact  of  water  in  water  result,  and 
there  is  an  induced  loss  of  energy  by  ed- 
dies, &c.  Farther  if  the  angle  ft  is  not 
properly  chosen  the  same  kind  of  impact 
and  loss  of  energy  will  occur  in  the 
wheel. 

Figs.  1  and  2  above  illustrate  this  last 
matter.  Fig.  1  belongs  to  experiment  30 
on  the  Boott  Centre-Vent  Weeel  already 
treated;  ad  represents  vx=  19. 7  feet;  ac, 
the  velocity  of  exit  from  the  guides,  cal- 
culated from  Mr.  Francis'  data  and  found 
equal  to  19.1  feet;  and  ab  the  consequent 
velocity  relative  to  the  wheel.     The  angle 


bad  is  found,  thus,  to  be  105°;  this  should 
have  been  the  angle  (5  for  the  actual 
value  of  z\.  The  value  taken,  however,, 
was  119°  and  loss  of  energy  by  impact  of 
water  in  water,  induced  by  shock,  resulted 
as  Mr.  Francis  shows. 


Fig.  I. 


Fig.  2  belongs  to  the  experiment  30  in 
the  Tremont  Turbine ;  ad=v1= 18.05  feet; 
ac=exit  velocity  from  guides  =  21.1  feet; 
and  ab  is  the  velocity  relative  to  the 
wheel.  The  angle  bad  is  found  to  be 
87°,  while  /3  was  taken  at  90°.  There 
can  be  little  or  no  impact  in  this  case,  as 
the  analytical  results  show. 

From  the  manner  of  establishing 
Weisbach's  value  for  v\,  the  best 
velocity  of  rotation,  it  will  be  seen  by 
examination  that  the  case  of  a  partially 
closed  gate  may  be  allowed  for  by  plac- 
ing for  Z  the  expression  -s  *  +  C1./(  j-  J  r  in 

which  fl  -y  j  is  a  function  of  the  recipro- 
cal of  the  height  of  the  regulating  gate, 
and  C,  an  empirical  quantity  dependent 
upon  the  impact  of  water  hi  water. 

Since  this  will  increase  the  denomina- 
tor of  the  expression  for  vv  it  follows 
that  the  formula  would  indicate  a 
decrease  of  the  best  velocity  for  a  par- 
tially closed  gate.  An  examination  of 
the  experimental  results  is  confirmatory. 
Let  the  experimental  results  of  Mr- 
Francis  in  the  seventy-two  inch  Westerly 
Swain  Turbine  already  used  be  referred, 
to.  Then  taking  from  two  to  four  of  the 
best  results  (whose  efficiences  do  not 
differ  essentially  from  each  other  and 
from  the  highest)  for  each  of  several 
different  heights  of  regulating  gates; 
the  following  quantities  are  then  de 
duced: 
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Experiments  133,  134  and  135: 

Height  of  gate,  13.08  inches. 

Mean  ^=0.757^2^11. 

Experiments  117  and  118: 
Height  of  gate,  11.00  inches. 

Mean  vl =0.741  a/2^H. 

Experiments  102,  103  and  104: 
Height  of  gate,  9.00  inches. 

Mean  u1  =  0.705  VfyH- 
Experiments  77,  78,  79  and  80: 
Height  of  gate,  7.00  inches. 

Mean  v1  =  6.699  y/2gE- 

Experiments  50,  51  and  55. 
Height  of  gate,  5.00  inches. 


Mean  w,=  0.688 a/2^H. 
Experiments  33,  34  and  35 : 
Height  of  gate,  3.00  inches. 


Mean  v=0.659V%gH.. 

The  variation  in  these  results  is  as 
nearly  uniform  as  could  be  expected 
under  the  circumstances,  since  only  from 
two  to  four  results  in  each  case  could  be 
found  with  efficiencies  near  enough  the 
maximum.  They  show,  however,  just 
what  the  formula  would  indicate,  i.e., 
a  decrease  in  vx,  for  a  decrease  in  height 
of  the  regulating  gate. 

The  other  series  of  experiments  will  be 
found  on  examination  to  show  the  same 
thing,  and  it  is  not  necessary  to  repro- 
duce them  here. 

The  formula  for  the  efficiency  would 
show  a  decrease  in  it,  also,  as  has  before 
been  indicated. 

There  is  only  one  thing  more  to  be 
touched  upon,  which,  indeed,  might  have 
been  alluded  to  before.  If  the  four 
wheels  examined  bad  been  run  with  the 
best  velocities  indicated  by  the  formula 
of  "Weisbach,  then  the  experimental  re- 
sults show  that  in  no  case  would  the 
efficiency  have  fallen  below  the  maximum 
actually  obtained,  by  more  than  the  deci- 
mal 0.015.  Considering  the  complicated 
action  of  the  water  in  a  Turbine  this  is 
certainly  a  most  excellent  result. 

Summing  up  then,  it  is  seen  that  for 
the  effect  of  a  partial  gate  on  efficiency 
and  best  velocity;  for  the  effect  of  the 
relative  values  of  a  and  (3  on  the  unbal- 
anced pressure  at  point  of  exit  from 
guides,  and  impact  in  the  same  vicinity, 


the  formulae  indicate  just  the  kind  of 
variation  which  the  experiments  show. 

The  qualitative  characteristics  of  the 
formulae  are  correct ;  the  empirical  quan- 
tities which  enter  them  only  need  to  be 
determined  by  such  admirable  experi- 
ments as  those  of  Mr.  Francis,  to  give 
the  quantitive  results  their  exact  values. 

The  formulae  for  efficiency  and  best 
velocity,  as  they  stand,  give  most  excel- 
lent results  for  full  gate  and  proper  de- 
sign. 

In  the  light  of  these  facts  it  can  hardly 
be  said  that  mathematical  investigation 
has  done  little  or  nothing  to  aid  the  en- 
gineer in  designing  the  turbine,  or  that 
the  formulae  of  Weisbach  are  inapplicable 
to  modern  Turbines. 

Before  closing  it  may  be  well  to  state 
that  Professor  Trowbridge  makes  a 
wrong  use  of  the  co-efficient  of  resistance 


{Q-*}. 


for  he  multiplies  it  by  the  square  of  a 
velocity  which  does  not  exist  at  the  point 
of  exit  from  the  guides.  His  vx,  as  he 
uses  it,  is  the  velocity  due  to  the  total 
fall,  and  that  is  a  very  different  quantity 
from  either  the  velocity  in  the  guides  or 
that  in  the  wheel,  and  the  latter  are  the 
ones  he  should  use. 


Erratum — The  Mississippi  as  a  Silt 
Bearer. — There  was  an  unfortunate  trans- 
position of  the  text  of  the  above  article  in 
our  last  issue. 

To  be  read  as  was  intended,  the  reader 
should  pass  from  the  paragraph  ending 
on  3d  line  from  foot  of  2d  column,  page 
222  to  the  paragraph  beginning  on  the 
12th  line  1st  column,  page  226. 

The  omitted  text  should  be  inserted 
immediately  after  the  paragraph  in  the 
2d  column,  page  230,  which  ends  with 
"foregoing  table." 


REPORTS  OF  ENGINEERING  SOCIETIES. 

Engineers'  Club  of  Philadelphia. — The 
first  issue  of  the  Proceedings  has  just 
come  to  hand.  There  is  much  "promise  of 
valuable  additions  to  engineering  literature  by 
this  active  organization. 

The  following  is  the  list  of  papers  in  the 
current  number : 

I.  Oil  Lands  of  Pennsylvania.     Charles  A. 
Ashburner. 

II.  House    and    Street  Drainage   of  Phila- 
delphia.    By  Rudolph  Hering. 
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III.  Bearing  Piles.     Rudolph  Hering. 

IV.  The  proposed  removal  of  Smith's  Island. 
Lewis  M.  Haupt. 

V.  Water-Supply  for  a  Stamp  Mill.  By  W. 
F.  Biddle. 

VI  Empirical  Formula  for  Strength  of 
Wrought  Iron  Beams.     P.  Roberts,  Jr. 

VII.  The  Scales  of  Maps.     Lewis  M.  Haupt. 

VIII.  The  Strength  of  Wrought  Iron  in 
Structures.     P.  Roberts,  Jr. 

PROCEEDINGS  OF  THE  BRITISH  INSTITUTION 
of  Civil  Engineers. — The  following 
Excerpt  Minutes  of  the  Proceedings  have  been, 
receivod  through  the  kindness  of  Mr.  James 
Forrest,  A.I.C.E. : 

Engineering  Progress  in  Foreign  Countries. 
By  Messrs.  Vernon  Harcourt,  Clark,  Bauer- 
man  and  Higgs. 

Heating  and  Ventilating  Apparatus  of  the 
Glasgow  University.  By  W.  W.  Phipson, 
M.I.C.E. 

Harbor  and  Dock  Works.  The  Avenmouth 
Dock.     John  Bower  Mackenzie,  M.I.C.E. 

The  Harbor  of  Belfast.  Thomas  Ross  Sal- 
mond,  M.I.C.E. 

Whitehaven  Harbor  and  Dock.  John 
Evelyn  Williams,  M.I.C.E. 

Coal  Washing  Apparatus  at  Besseges, 
France.     By  J.  B.  Marsant. 

Liverpool  Engineering  Society. — This 
Society  held  its  usual  fortnightly  meeting 
at  the  Royal  Institution  on  Wednesday  even- 
ing last.  Mr.  M.  E.  Yeatman,  MA.  President 
occupied  the  chair.  A  paper  on  "The  Design 
and  Construction  of  Sewers"  was  communi- 
cated by  Mr.  Graham  Smith,  past  President 
In  opening  his  subject,  he  remarked,  that 
sewers  should  not  only  be  constructed  in  such 
a  manner  to  carry  with  dispatch  to  the  outfall 
the  sewage  which  might  find  its  way  into  them, 
but  they  should  likewise  be  built  in  a  manner 
such  that  no  portion  of  the  sewage  should 
percolate  through  them  into  the  surrounding 
earth.  Cholera  for  instance,  might  be'  spread 
indefinitely  by  matter  discharged  from  the 
stomach  or  bowels  of  a  cholera  patient  gaining 
access  to  any  source  of  water  supply.  He 
quoted  the  General  Board  of  Health  returns  to 
show  that  zymotic  diseases  largely  exist  and 
are  much  due  to  improperly  constructed 
sewers  and  imperfect  drainage  arrangements. 
The  question  of  the  proper  forms  of  sewers 
to  he  adopted  under  various  circumstances 
was  dealt  with  at  some  length,  and  the  author 
advocated  the  circular  section  when  a  large 
and  constant  flow  could  be  depended  upon, 
and  the  egg-shaped  sewer  when  a  variable  flow 
had  to  be  accommodated,  as  the  smallness  of 
the  invert  increases  the  scouring  action  of  a, 
small  quantity  of  sewage,  whilst  the  increased 
size  of  the  upper  portion  provides  for  any  aug- 
mentation of  flow.  He  considered  that  the 
success  or  non-success  of  any  system  of  drain- 
age depended  upon  the  manner  in  which 
details  were  arranged.  These  questions  and 
such  others  as  the  ventilation  of  sewers  and 
the  materials  employed  in  their  construction 
were  fully  considered. 


IRON  AND  STEEL  NOTES- 

Bright  steel  surfaces  may  be  ornamented  by 
painting  the  patterns  intended  to  be  left 
bright  in  Brunswick  black.  If  the  ornament 
is  to  be  dead  upon  a  bright  ground  the  patterns 
must  be  left  untouched,  and  the  ground 
painted  over.  Aquafortis — diluted  nitric  acid 
— should  then  be  poured  upon  the  exposed 
parts  of  the  steel,  and  in  a  few  minutes  it  will 
be  seen  to  have  eaten  sufficiently  into  the 
metal.  Wash  off  the  aquafortis  with  water, 
and  Brunswick  black  may  be  removed  with 
turpentine.  If  the  steel  is  made  blue  by  ex- 
posure to  heat,  the  blue  color  can  be  removed, 
where  it  is  not  required,  with  white  vinegar  or 
other  weak  acid,  the  parts  to  remain  blue  being 
protected  by  Brunswick  black.  On  the  parts 
from  which  the  blue  is  removed,  further 
variety  may  be  gained  by  painting  additional 
ornaments  in  Brunswick  black,  and  exposing 
the  remainder  of  the  ground  to  the  action  of 
the  aquafortis.  Gilding  on  steel  was  formerly 
performed  with  a  spirit,  but  now  it  is  best  to 
send  the  work  to  an  electro-gilder's,  first  paint- 
ing over  those  parts  not  to  be  gilt  with  Bruns- 
wick black.  The  gilding  may  be  performed  at 
home  by  the  following  method: — It  is  known 
that  if  sulphuric  ether  and  nitro  muriate  of 
gold  are  mixed  together,  the  ether  will,  by 
degrees,  separate  from  the  acid  nearly  the 
whole  of  the  gold,  and  retain  it  for  a  long  time 
in  solution.  Take  ether  thus  charged  and 
with  a  soft  brush  paint  the  parts  of  the  design 
intended  to  be  in  gold,  and  after  giving  the 
ether  time  to  evaporate,  rub  over  the  parts 
thus  gilt  with  a  burnisher. 


RAILWAY  NOTES. 

IN  Europe  it  is  common  to  indicate  on  posts 
the  gradients  of  different  sections  of  a  rail- 
way at  the  points  of  change,  for  the  benefit  of 
the  enginemen  and  others.  Formerly  on  the 
Continent  it  was  almost  universally  the  custom 
to  express  the  gradients  in  the  form  of  a  vulgar 
fraction,  as  is  still  done  in  England.  Thus  a 
grade  of  1  in  100  would  be  indicated  on  the 
post  by  jfa,  A  short  time  ago  this  was 
changed  on  some  Prussian  lines  to  the  form  of 
a  decimal  fraction,  as  0.01  for  the  grade  above 
mentioned.  The  Prussian  Ministry  of  Trade 
has  now  given  instructions  that  this  new 
method  be  abandoned  and  the  old  one  substi- 
tuted, the  reason  given  being  that  the  decimal 
fractions  are  often  misunderstood  by  the 
enginemen. 

Paper  and  Steel  v.  Cast  Iron  Railway 
Wheels. — Much  interest  was  excited  in 
the  railway  world  sometime  since  by  the  intro- 
duction in  America  of  paper  instead  of  east 
iron  wheels.  There  is  no  more  important  de- 
partment of  a  railway  than  the  rolling  stock, 
and  no  part  of  the  rolling  stock  of  greater  con- 
sequence than  the  running  gear  of  trains.  The 
paper  wheel  body  is  an  American  invention,  of 
which  Messrs.  John  Brown  &  Co.,  Atlas 
Works,  Sheffield,  are  the  makers  for  England. 
The  paper  wheel  carries  a  steel  tire,  and  it  is 
claimed  that  the  latter  tire  being  truly  turned, 
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and  the  two  wheels  on  an  axle  being  easily  fitted 
to  the  same  size,  the  pair  will  run  much  more 
quietly  and  easily  than  east  iron  wheels  of 
ordinary  American  make.  Practical  working, 
however,  is  better  evidence  than  any  quantity 
of  "claims,"  and  the  Chicago  Railway  Review 
gives  some  interesting  details  of  the  records  of 
the  mileage  made  by  the  paper  wheels  as 
adopted  by  the  Pullman  Palace  Car  Company. 
The  mileage  of  each  trip  is  computed  within 
one  quarter  of  a  mile,  and  the  company,  which 
has  used  the  paper  wheel  with  steel  tire  about 
nine  years,  knows  exactly  what  its  wheels  are 
doing.  The  paper  wheel  costs  £13  and  runs 
450,000  miles  in  2.88  years.  For  convenience 
of  reckoning  call  this  period  three  years.  At 
the  end  of  three  years  the  original  cost  with 
7  per  cent,  compound  interest,  amounts  to  not 
quite  £16.  During  this  period  nine  cast  iron 
wheels  have  been  used,  costing  £2  16s.,  allow 
ing  a  rebate  of  £1  each  for  the  worn  out  wheels, 
and  calculating  on  simple  interest  at  7  percent., 
the  cost  of  the  wheels  for  this  service  amounts 
to  £18  6s.,  showing  a  saving  in  the  case  of 
paper  wheels  of  £2  6s.,  and  with  compound 
interest  considerably  more.  In  computing  the 
cost  for  the  second  period  of  three  years,  a 
much  greater  saving  would  be  shown,  since  a 
renewal  of  the  tire  only,  at  a  cost  of  £7,  is 
necessary,  instead  of  a  fresh  cost  of  £13  for  a 
new  paper  wheel.  The  experience '  of  other 
railways  bears  out  the  records  of  the  Pullman 
Company.  The  paper  steel-tired  wheel  is  used 
on  the  Central  Vermont,  Connecticut  River, 
Cleveland,  Columbus,  Cincinnati  and  Indian- 
opolis,  Pittsburg,  Cincinnati  and  St.  Louis, 
and  the  Chicago  and  Alton  line.  Engine  truck 
wheels  have  been  found  to  run  800,000  miles 
before  the  tire  requires  renewal.  The  subject 
seems  to  be  one  which  scarcely  receives  the 
attention  it  deserves  in  this  country.  We  have 
as  yet  no  data  upon  the  relative  durability  of 
paper  wheels,  and  those  with  wrought  iron  or 
wood  bodies  as  commonly  used  ill  England. 

Railways  in  China. — When  it  was  first 
understood  that  the  Woosung  and  Shang- 
hai Railway  had  been  purchased  by  the 
Chinese  Government,  it  was  thought  railways 
had  obtained  a  footing  in  China.  The  news  of 
its  removal  almost  wholly  as  so  much  old  iron, 
and  that  as  the  easiest  means  of  transport  the 
carriages  were  pitched  into  the  sea  to  convey 
them  to  Formosa,  the  iron  work  tossed  into 
barges,  and  the  engines,  partly  in  pieces,  put 
into  the  cases  in  which  they  were  sent  to  China 
in,  and  then  the  whole  thrown  on  to  the  beach 
Formosa,  soon,  however,  dispelled  this  idea, 
and  hope  of  work  for  railway  engineers  in  this 
field  died  away.  It  seems  that  the  i  ail  way 
was  laid  while  the  governorship  of  Kiang  Su 
was  in  the  hands  of  a  friend  to  progress,  and 
who  made  no  objections.  When,  however, 
the  matter  of  the  murder  of  Mr.  Margery  had 
to  be  settled,  it  was  urged  by  Chinamen,  who 
did  not  know  much  of  Western  ideas,  that  as  a 
Chinaman  had  been  killed  on  the  Woosung 
railway,  the  work  of  the  English,  they  had 
nothing  to  complain  of.  The  only  way  of 
removing  this  notion  was  to  make  the  railway 
Chinese  property,  and  Li-Hung-Chang  ordered 
Vol.  XX.— No.  4—24 


the  Governor  of  Kiang  Su  to  buy  the  railway 
with  whatever. funds  were  at  his  disposal.  In 
the  meantime  a  new  governor  had  been  ap- 
pointed who  was  not  very  well  pleased  with 
the  order  to  buy  the  line,  and  he  seems  to  have 
made  up  his  mind  that  though  he  must  buy  it, 
the  Minister  of  Public  Works  had  no  power  to 
make  him  work  it.  Ting-Futai,  the  Governor 
of  Formosa,  was  however,  desirous  of  having 
a  railway  in  his  island,  and  wrote  to  the  Gov- 
ernor of  Kiang  Su  to  that  effect  The  govern- 
or, in  reply,  said  he  had  a  railway  he  did  not 
want  and'he  accordingly  pitchforked  it  over  to 
Formosa  in  the  way  described  The  Woosung 
Railway  had  been  at  work  just  long  enough  to 
allow  Chinamen  to  see  what  could  be  done 
with  it,  and  that  having  had  it  they  were  in- 
convenienced without  it.  The  result  is  that 
railways  have  been  very  much  talked  about 
since  the  removal,  and  have  now  many  friends. 
Li  Hung-Chang,  one  of  the  most  advanced 
statesmen  in  China,  has  long  advocated  them, 
though  he  has  worked  under  a  disadvantage. 
Almost  all  the  statesmen  of  China  are  Tartars; 
very  few  are  Chinese,  and  the  latter,  when 
they  do  rise  to  positions,  rise  with  great  diffi- 
culty. The  loss  of  the  Woosung  Railway  has 
had  the  effect  of  stirring  up  interest  in  the 
matter,  and  with  a  good  reason  for  believing 
that  China  will  before  very  long  accept  the 
great  civilizer,  a  well  known  English  engineer 
has  gone  to  China  to  negotiate  for  new  lines, 
when  the  Celestial  makes  up  his  mind  to  admit 
them.  It  is  also  reported  that  Li  Hung-Chang 
has  contracted  with  Mr.  Arnold  Hague,  a 
geologist  and  mining  expert,  for  the  purpose 
of  prospecting  for  minerals  in  North  of  China. 

A  striking  illustration  of  'he  superiority  of 
railways  to  the  old  coaches  and  diligence 
in  point  of  safety  has  been  published  by  M.  Goril- 
aux,  a  French  statistician.  Before  the  intro- 
duction of  railways,  he  estimates  that  one 
passenger  was  killed  out  of  every  300,000  per- 
sons "traveling  by  coach  or  diligence  ;  while  in 
addition  there  was  one  injured  out  of  every 
30,000  travelers.  In  the  first  twenty  years  of 
railway  traveling  in  Frauce,  that  is  to  say,  from 
1835  to  1855,  the  average  number  of  passengers 
killed  in  railway  accidents  was  one  in  every 
2,000,000,  and  one  injured  in  every  300.000.  In 
the  next  twenty  years,  from  1855  to  1775.  the 
safety  of  railway  traveling  had  so  much  im- 
proved, that  the  average  number  of  killed  in 
accidents  on  the  French  lines  amounted  to  only 
one  person  in  every  6.000,000  passengers,  while 
the  injured  numbered  but  one  in  every  600.000. 
Hence  in  the  first  twenty  years,  a  railway  jour- 
ney was  from  seven  to  ten  times  as  safe  as  a 
journey  by  the  diligence.  In  the  coach,  a  pas- 
senger ran  seven  times  the  risk  of  being  killed, 
and  ten  times  the  risk  of  being  injured  that  he 
did  on  the  railway.  In  the  next  twenty  years, 
says  Herepath,  he  was  twenty  times  more  se- 
cure against  the  risk  of  a  violent  death  or  of 
injury,  than  if  he  used  the  lumbering  old  dili- 
gence, which,  moreover,  took  five  or  six  times 
as  much  of  his  time  to  perform  a  given  journey. 
At  the  present  time,  M.  Gorilaux  estimates  that 
the  real  danger  to  the  life  or  limb  of  passengers 
from  causes  beyond  their  own  control  is  some- 
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thing  far  less  considerable  than  those  we  have 
just  quoted.  He  calculates  that  on  French 
railways,  there  are  now  actually  killed  only  one 
person  in  every  45  000,000  passengers  and  one 
injured  in  every  1,000,000.  On  these  results 
M.  Gorilaux  bases  a  computation  by  which  he 
arrives  at  the  striking  fact  in  France  that  a 
passenger  would  have  to  travel  at  the  rate  of 
forty  miles  an  hour,  ten  hours  a  day,  without 
intermission  for  a  period  of  7,439  years,  before 
he  would  have  to  fear  an  accident  of  a  fatal 
character. 


ENGINEERING  STRUCTURES. 

The  piercing  of  the  St.  Gothard  tunnel  ad- 
vanced 21.7  meters  on  the  Goeschenen 
side,  and  80. 1  meters  from  the  Airolo  side,  or  52. 1 
meters  during  the  week  ending  the  26th  ult. 
During  the  week  ending  the  lstinst.,  the  pro- 
gress was  24.3  and  10.2  meters  respectively  at 
the  Goschenen  and  Ariolo  sides,  or  35.2  meters. 
The  boring  now  extends  to  6421.3  meters  on 
the  Goschenen  side,  and  5906.9  on  the  Airolo 
side,  leaving  2571.8  meters  to  be  pierced  in  the 
center  of  the  mountain. 

The  Calais-Douvres. — From  the  last  report 
of  the  London,  Chatham,  and  Dover  Rail- 
way Company  we  learn  that  the  running  of  the 
twin  Channel  steamer  Calais- Douvres  during  the 
past  season  appears  in  most  respects  to  have 
justified  expectatation.  She  performed  the 
trip  from  Dover  to  Calais  and  back  for  seventy- 
eight  days  with  great  regularity,  making  good 
and  quick  passages,  and  affording  the  public  a 
large  increase  of  comfort,  and  a  very  material 
diminution  of  those  peculiar  evils  and  annoy- 
ances heretofore  incident  to  the  sea  transit. 
The  general  appreciation  of  her  merits  is  shown 
in  the  fact  that  during  the  season  upwards  of 
55,000  passengers  crossed  in  her,  or  an  average 
of  715  per  day,  a  number  which  would  on 
many  occasions  have  involved  the  necessity  of 
running  two  of  the  ordinary  mail  boats.  This 
may  be  regarded  as  in  some  measure  a  set-off 
against  the  unquestionably  heavy  cost  of  work 
ing  a  ship  of  the  size  and  capacity  of  the  Calais- 
Douvres. 
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recently  gave  some  interesting  particulars 
respecting  this  work  in  a  paper  communicated 
to  the  Academie  des  Sciences  by  M.  Tresca.  It 
seems  that  besides  the  excessive  hardness  of  the 
beds  of  serpentine  and  quartz,  and  insufficiennt 
hydraulic  power  on  the  Airolo  side,  owing  to  the 
lowness  of  the  water  last  winter,  there  has  been 
a  very  heavy  infiltration  in  the  south  portion, 
amounting  to  over  3,000  gallons  per  minute  in 
the  advance  gallery.  The  jets  of  water  had 
often  the  force  of  those  from  a  fire  engine 
pump,  due  to  great  heads.  Another  difficulty 
has  been  caused  by  a  mass  of  decomposed  fel- 
spar mixed  with  gypsum  found  under  the  plain 
of  Andermatt,  under  the  site  of  an  ancient 
lake,  and  about  190  yards  from  the  entrance. 
This  plastic  material  swells  on  contact  with 
moist  air  with  irresistible  force,  capable  of 
crushing  the  strongest  timber,  and  even  arches 
of  granite  3.28  ft.  thick.  In  some  of  these 
parts  boring  by  harjd  advances  about  1  metre 


in  three  or  four  days,  while  through  granite, 
with  compressed  air  and  mechanical  perfora- 
tion, a  regular  advance  of  10  ft.  to  13  ft.  in 
twenty-four  hours  has  been  achieved,  and 
through  gneiss  as  much  as  20  ft.  The  volume 
of  water  from  the  Tremola — Airolo  side — hav- 
ing been  found  insufficient,  M.  Favre  brought 
water  in  an  aqueduct  8,270  ft.  long  from  the 
Tessin  to  work  three  new  turbines,  16.4  ft. 
diameter,  making  50  to  60  revolutions  under  a 
head  of  262  ft.,  and  four  compressors.  The 
old  bronze  turbines,  3.87  ft.  diameter,  working 
under  a  head  595  ft.,  which  have  made  some 
155,000,000  revolutions  per  annum,  are  in  good 
preservation,  after  four  or  five  years'  service, 
and  still  work  usefully.  On  each  side  of  the 
tunnel  there  are,  at  present,  sixteen  air  com- 
pressors in  action,  serving  both  for  aeration  and 
for  boring  operations.  They  send  into  the 
tunnel  air  under  a  pressure  of  eight  atmospheres, 
sufficient  to  drive  eighteen  to  twenty  drills, 
making  150  to  160  strokes  per  minute,  and 
effect  good  ventilation  of  the  part  already 
bored,  which  is  at  present  6,800  yards  on  the 
north  side  and  5,900  yards  on  the  south.  The 
transport  of  materials  is  effected  by  horses  in 
the  more  advanced  part  of  the  tunnel,  and  by 
compressed  air  locomotives  in  the  portions  near 
the  mouths.  The  Compagnie  du  Gothard, 
which  has  possession  of  the  line,  with  the  ex- 
ception of  the  tunnel,  has  suspended  work  for 
two  years.  The  excess  of  its  actual  over  its 
first  estimated  expenditure  is  put  at  nearly 
100,000,000f.,  principally  owing  to  errors  de- 
scribed in  our  corresponding  article  last  year. 
The  works  of  the  tunnel  have  not  been  inter- 
rupted a  single  day  for  six  years,  and  its  cost, 
notwithstanding  unforeseen  difficulties,  will 
exceed  the  estimates  little,  if  at  all. 

An  Inland  African  Sea.— M.  Ferdinand 
de  Lesseps  has  read  a  paper  to  the  French 
Academy  of  Sciences  with  reference  to  the 
interior  African  sea  proposed  by  Captain  Bou- 
daire.  M.  de  Lesseps  sailed  from  Marseilles  in 
November,  1878,  and  landed  in  the  "Bay  of 
Gabes,  into  which  flows  the  little  river  Melah, 
selected  by  Captain  Boudaire  as  the  channel 
communication  between  the  Mediterranean  Sea 
and  the  Chotts.  Up  this  small  stream  the  sea 
penetrates  to  a  distance  of  about  five  miles  at 
high  tide.  The  last  expression  will  naturally 
attract  attention  as  the  general  belief  has  always 
hitherto  been  that  no  tide  existed  in  the  Medi- 
terranean, with  the  exception  of  the  Gulf  of 
Venice,  where  a  rise  and  fall  of  about  2  ft. 
occur.  Such,  however,  is  not  the  case,  for  at 
Gabes  the  tide  rises  to  8'ft.  and  sometimes  10 
ft.  The  Tunisian  Chotts  commence  at  about 
14  miles  from  the  sea  and  extend  to  a  distance 
of  250  miles.  The  ground  which  separates 
them  from  the  sea  would  be  easily  worked.  M. 
de  Lesseps  states  that  he  noticed  on  the  banks 
of  the  Melah  some  cliffs  which  appeared  to 
consist  of  hard  stone.  He  sent  one  of  his  com- 
panions to  procure  some  specimens,  and  that 
gentleman  broke  off  some  pieces,  which  he 
placed  in  a  bag  in  his  pocket.  When  they  came 
to  be  examined  they  were  found  to  have  all 
been  reduced  to  small  fragments,  in  fact,  they 
consisted  of  nothing  but  agglutinized  sand.    A 
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portion  of  the  material  was  handed  to  M: 
Daubree  for  analysis,  and  he  will  make  a  report 
to  the  Academy  on  the  subject.  M.  de  Lesseps 
states  that  all  the  local  traditions  in  Tunis 
agree  as  to  the  former  existence  there  of  an 
inland  sea,  and  his  opinion  is  that  its  re-estab- 
lishment would  be  very  easy.  However,  he 
said  that  nothing  could  be  done  until  Captain 
Boudaire's  mission  of  levelling  and  sounding 
was  accomplished,  and  that  would  occupy  at 
least  six  months.  In  reply  to  an  observation  by 
M.  Cosson,  M.  de  Lesseps- stated  that  the  form- 
ation of  an  inland  sea  would  not  interfere  with 
the  existing  oases,  as  they  are  15,  20,  or  even 
30  meters  above  the  proposed  water  level. 


ORDNANCE  AND  NAVAL. 

Difficulties  are  again  experienced  with  the 
special  6  in.  rockets  ordered  for  the 
Afghan  expedition.  They  have  passed  an  un- 
satisfactory proof,  two  out  of  three  having  pre- 
maturely burst  their  cases  during  flight.  Weigh- 
ing nearly  100  lbs. ,  which  is  four  times  the 
weight  of  the  largest  ordinary  rocket,  their 
cases  were  made  of  proportionate  strength, 
wrought  iron  £  in.  in  thickness  being  employed. 
Based  on  the  practice  of  the  smaller  missiles, 
this  was  calculated  to  afford  ample  resistance 
to  the  explosive  gases  escaping  in  rear;  but  the 
calculation  has  been  proved  to  be  incorrect  and 
the  strength  of  the  iron  cases  insufficient,  and 
they  have  been  ripped  open  as  if  they  were 
made  of  brown  paper.  The  consequence 
is  a  dilemma,  for  the  thickness  of  the  cases 
cannot  be  much  increased  without  serious  detri- 
ment to  the  range  and  efficiency  of  the  rocket, 
and  it  is  evident  that  the  cases  as  at  present 
constructed  are  quite  unserviceable.  Fortu- 
nately, only  120  were  ordered — the  odd  twenty 
being  for  experimental  purposes — and  they  are 
not  nearly  completed.  The  probability  is  that 
they  will  be  abandoned,  at  least  for  the  present, 
as  impracticable,  and  that  the  army  in  India 
will  make  the  best  of  the  9-pounder  and  24- 
pounder  rockets,  which,  so  far  as  rockets  have 
any  merit,  did  fairly  well  in  Abyssinia  and 
Ashantee. 

The  Austrian  Guns  of  the  Uchatius 
Bronze  Steel. — A  report  upon  the  new 
Austrian  6  in.  gun  of  bronze  steel  has  been 
sent  to  the  Royal  Artillery  Institution  at  Wool- 
wich by  Major  J.  F.  Owen,  Royal  Artillery, 
who  has  for  five  years  past  been  employed  in 
the  Royal  Gun  Factories,  Royal  Arsenal/Wool- 
wich.  He  states  that  the  field  guns  manufac- 
tured of  the  Uchatius  metal  in  1875  have  given 
such  satisfaction  that  the  Austrians  are  now 
making  «ri  the  same  pattern  much  larger  guns 
with  a  bore  of  6  in.  diameter.  Although  a 
breech-loader  the  6  in.  gun  fires  a  charge  of 
nearly  18  lbs.  of  powder  with  a  shell  weighing 
85^  lbs.,  and  has  given  velocities  of  1,476  ft.  at 
the  muzzle,  which  is  equivalent  to  a  very  satis- 
factory performance  against  ironclad  ships.  In 
accuracy  and  range  the  guns  have  also  given 
good  results;  and  as  to  endurance,  Major  Owen 
states  that  they  have  shown  themselves  as 
strong  as  the  field  guns.    Notwithstanding  con- 


siderable erosion  of  the  bore  the  accural 
fire  had  not  diminished,  and  the  powder  cham- 
ber has  remained  intact.  Altogether  the  report 
is  favorable  to  the  gun,  but  Major  Owen  re- 
marks that  although  the  adoption  of  the  new 
metal  by  the  Austrians  may  have  been  judi- 
cious for  the  time  being  on  economical  grounds, 
there  being  a  number  of  old  bronze  guns  on 
hand,  and  also  because  the  manufacture  could 
be  speedily  carried  out  in  their  arsenal,  he  does 
not  suppose  that  in  the  long  run  the  material 
will  be  able  to  hold  its  own  against  steel,  in  the 
production  and  manufacture  of  which  very 
great  progress  has  lately  been  made,  as  exem- 
plified at  the  Paris  Exhibition. 

The  Thunderer  Disaster. — A  series  of 
important  experiments,  suggested  by  the 
bursting  of  the  gun  on  board  the  Thunderer, 
were  carried  out  recently  with  the  38-ton  guns 
on  board  the  Dreadnought  at  Portsmouth.  The 
experiments  were  conducted  by  Captain  Her- 
bert, of  the  gunnery  ship  Excellent,  and  among 
those  present  were  Mr.  George  Rendel,  the  in- 
ventor of  the  hydraulic  system  of  loading,  Ad- 
miral Fanshawe,  Rear- A.dmiral  Foley,  and 
Captain  Lebrano,  from  the  Italian  Embassy. 
The  purpose  of  the  experiments  was  to  ascer- 
tain whether  the  projectiles,  after  being 
rammed  home  by  the  hydraulic  hammer  at 
certain  angles  of  depression,  had  a  tendency  to 
follow  the  rammers  when  withdrawn,  and,  sec- 
ondly, when  arrested  by  a  wad,  to  determine 
the  amount  of  force  required  to  overcome  the 
friction  of  the  obstruction.  A  common  shell 
was  first  tried  without  either  a  wad  or  a  gas- 
check  when  it  was  found  to  slip  back  readily. 
A  similar  shell  was  then  tried  without  a  wad, 
but  with  a  gas  check  affixed,  with  the  same  re- 
sult. In  both  these  instances  the  gun  was 
depressed  14°,  which  is  rather  more  than  is 
requisite  to  load  the  Thunderer's  guns.  A 
common  shell  was  next  inserted  in  the  gun, 
with  gas-check  and  wad.  It  did  not  start,  and 
it  required  the  efforts  of  six  men  to  pull  it  out, 
after  three  trials.  A  wad  was  also  placed  a 
few  feet  in  the  gun,  without  a  shell,  when  it 
was  found  that  it  required  eight  men  to  pull  it 
back.  A  new  wad,  suggested  by  Mr.  Rendel. 
was  afterwards  tested.  It  is  formed  of  lamina 
of  different  thicknesses,  stitched  together.  A 
wad  of  single  thickness  took  the  strength  of 
three  men  to  remove;  a  wad  of  two  thicknesses 
took  four  men  to  pull  it  out;  while  a  wad  of 
three  lamina  required  five  men  to  overcome  it. 
The  gun  Avas  afterwards  charged  with  a  com- 
mon shell  without  w7ad.  At  seven  degrees  of 
inclination  it  slipped  forward,  and  wlien  the 
angle  of  depression  was  increased  to  nine  de- 
grees it  ran  forward  6  feet  3  inches.  A  dim  my 
projectile  was  next  tried,  having  a  contrivance 
fitted  to  its  base,  the  object  of  which  was  to 
enable  the  shot,  should  it  slip  forward,  to  draw 
the  cartridge  with  it,  and  thus  prevent  the  gun, 
in  the  circumstances,  from  going  off.  Iu  two 
instances,  the  dummy  did  not  take  hold  of  the 
charge  on  being  extracted,  but  in  the  third  it 
brought  out  the  cartridge.  The  last  experiment 
was  highly  important.  The  gun  was  loaded 
with  a  Palliser  shot,  by  means  of  the  hand  gear, 
without  either  wad  or  tras-cheek,  but  from  a 
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horizontal  position;  The  slide  was  then  lifted 
to  the  upper  step  and  the  gun  depressed  and 
struck  heavily  on  the  port  sill,  but  without 
starting  the  shot.  The  result  of  the  experiment 
so  far  goes  to  prove  that,  without  a  wad,  the 
projectiles  will  slip  at  seven  degrees  and  over, 
but  that  with  a  wad  the  shot  runs  no  chance  of 
starting  at  the  angle  used  for  loading. 

The  gunnery  experiments  on  board  the 
Dreadnought,  sister  ship  of  the  Thunderer, 
were  concluded  at  Portsmouth  on  Wednesday. 
Previous  to  resuming  them  Captain  Herbert 
and  Mr.  George  Rendel  paid  a  visit  to  the  In- 
flexible, which  is  being  fitted  with  the  latter's 
hydraulic  gear.  But  here  a  great  improvement 
has  been  introduced,  not,  however,  as  regards 
the  principle  of  the  hydraulic  system,  but  in 
respect  to  the  construction  of  the  ship  itself  for 
its  application.  The  upper  deck  in  wake  of 
the  turrets  has  an  undulatory  appearance,  so 
that  the  guns  may  be  rotated  under  the  cover 
of  the  highest  part  to  load.  By  these  means 
the  80 -ton  guns  will  be  loaded  from  below,  at 
the  reduced  angle  of  8°,  instead  of  14°  on  board 
the  Dreadnought,  or  ll£°  on  board  the  Thun- 
derer. The  experiments  of  Wednesday  were 
of  a  very  different  character  from  those  of  the 
preceding  day,  and  were  undertaken  for  the 
purpose  of  determining  the  truth  or  fallacy  of 
certain  theories  which  had  been  put  forward, 
and  more  particularly  by  several  correspondents 
in  the  Times.  It  required  no  elaborate  experi- 
ments to  prove  that  a  shot  had  a  natural  ten- 
dency to  slip  back  when  the  muzzle  of  the  gun 
was  depressed;  and  that  at  an  angle  of  11°  or 
14°  of  inclination  it  would  certainly  do  so  by  a 
wad,  or  by  the  foulness  of  the  bore  when  it 
frequently  holds,  especially  with  a  gas-check 
leaving  little  windage.  But  it  was  alleged  that 
the  wads  used  on  board  the  Thunderer  and  the 
Dreadnought  were  not  a  sufficient  protection 
against  the  starting  of  the  shot,  and  that  this 
starting  might  be  assisted  down  the  incline, 
first,  by  the  pressure  of  the  condensed  air  at 
the  rear  of  the  shot  after  being  rammed  home, 
and  which  had  no  means  of  escape;  secondly, 
by  the  suction  or  vacuum  produced  in  front  of 
the  projectile  by  the  rammer  on  being  with- 
drawn, and  which  imparted  a  tendency  of  the 
shot  to  follow  the  rammer;  and,  lastly,  by  the 
uniced  force.of  these  two  disturbing  influences. 
Arguments  of  this  kind  could  only  have  been 
put  forward  by  persons  practially  unacquainted 
with  the  hydraulic  system  of  loading,  and  more 
particularly  with  the  character  of  the  rammer 
head.  Nevertheless,  as  such  opinions  had 
gained  currency,  it  was  resolved  to  test  their 
value  by  experiment,  and  the  trials  on  board 
the  Dreadnought,  were  for  the  purpose  of  ascer- 
taining the  force  of  the  alleged  air-pressure  be- 
hind the  shot  and  the  alleged  suction  between 
the  wad  and  the  rammer  head,  to  push  the  pro- 
jectile forward.  For  this  purpose  the  ventilat- 
ing holes  in  the  rammer  wTere  plugged  up — as  it 
seems  there  are  no  apertures  in  the  rammers  used 
on  board  the  Thunderer — and  a  mercurial  press- 
ure gauge  was  attached  to  the  vent  of  the  gun 
and  a  second  one  to  the  rammer  head.  As  the  shot 
was  forced  rapidly  down  the  bore  of  the  gun 
for  half  its  distance  by  the  first  length  of  the 
rammer  the  mercury  rose  .an  inch  in  the  tube, 


indicating  a  pressure  of  +  lb.  per  square  inch 
of  the  shot's  area — a  perfectly  insignificant 
amount;  but  before  the  second  half  of  the  tele- 
scopic rammer  (which  works  less  rapidly  than 
the  first )  could  force  the  shot  home  upon  its 
seat  even  this  pressure  had  vanished,  the  air 
escaping  through  the  grooves  of  the  rifling  and 
the  interstices  of  the  sponge.  The  charging 
was  next  tried  with  a  view  of  testing  the  vac- 
uum. Here,  again,  the  result  was  found  to  be 
perfectly  satisfactory  and  reassuring,  the  vac- 
uum being  quite  harmless.  But  the  most  un- 
expected result  of  the  experiment  was  the  dis- 
covery that  the  vacuum  which  was  found  to  be 
produced  in  rear  of  the  projectile,  and  the  ten- 
dency of  which  was  to  pull  it  back,  was  only  to 
an  infinitesimal  degree  less  appreciable  than 
the  vacuum  found  in  front,  and  which  had  a 
tendency  to  pull  it  forward.  The  experiments 
thus  far  have  proved  eminently  satisfactory  so 
far  as  the  system  adopted  for  loading  is  con- 
cerned, and  go  far  to  show  that  the  Thunderer's 
gun  exploded  through  the  starting  of  the  shot — 
which  remains  to  be  proved,  and  which  will 
probably  have  to  be  ascertained  by  experiment 
— the  slipping  back  can  only  be  attributed  to 
the  omission  of  the  wad  during  the  rapid  prac- 
tice. In  describing  the  last  and  most  import- 
ant experiment  of  Tuesday  it  was  stated  that 
the  round  was  loaded  without  either  wad  or 
gas  check  and  whde  the  gun  was  in  a  horizon- 
tal position.  This  was  an  error.  Both  on 
board  the  Thunderer  and  the  sister  ship,  the 
38 -ton  guns  are  loaded  by  hand  at  precisely  the 
same  depression  as  is  required  by  the  hydraulic 
apparatus,  the  advantage  of  horizontal  loading 
having  had  to  be  sacrificed  to  the  necessity  of 
adding  3  feet  to  the  gun.  Both  wad  and  gas- 
check  were  used  on  the  occasion,  and  the  object 
of  the  experiment  was  to  ascertain  if  a  wad 
capable  of  holding  the  shot  and  charge  securely 
from  an}-  risk  of  slipping  forward  could  be  put 
up  by  the  hand  rammer  which  has  been  pro- 
provided  to  replace  the  hydraulic  rammer  in 
the  contingency  of  the  latter  failing.  The  hy- 
draulic rammer  was  accordingly  removed  and 
the  alternative  gear  employed,  but  in  the  same 
position;  and  not  only  did  the  wad  hold  so 
well  that  the  shot  could  not  be  started  by  any 
inclination  or  jerking  of  the  gun,  but  it  required 
the  combined  efforts  of  eight  men  to  remove  it. 
The  supreme  purpose  of  the  experiments  has 
been  to  ascertain  the  precise  amount  of  the  ten- 
dency of  the  shot  to  run  forward,  and  to  com- 
pare it  with  the  amount  of  hold  of  the  wad 
provided  to  prevent  the  slipping.  At  14°  the 
force  of  the  shot  to  move  forward  is  1  in  4,  or, 
allowing  for  friction,  the  tendency  does  not 
exceed  80  lbs.  even  in  a  clean  gun,  while,  on 
the  other  hand,  the  wads  provided  for  the  ship 
are  found  to  require  over  half  a  ton  and  up- 
wards to  pud  them  out.  At  8°  the  tendency  is 
1  in  7,  or  100  lbs.,  but,  deducting  the  same  al- 
lowance for  friction,  the  result  is  an  equilibrium 
of  force.  It  may  be  worth  stating  that  wads  of 
some  sort  are  required  for  all  guns,  even  on  the 
j  broadside. 

The  experiments  at  the  Royal  Gun  Factories 
in  the  Royal  Arsenal,  Woolwich,  to  throw 
light  upon  the  causes  of  the  explosion  of  the 
38-ton  gun  on  board  Her  Majesty's  ironclad 
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turret  ship  Thunderer  were  completed  on  Tues- 
day morning,  and  the  tendency  of  projectiles 
to  slip  forward  when  the  muzzles  of  the  guns 
are  depressed  has  been  tested  with  each  descrip- 
tion of  heavy  gun  in  the  service.  In  every  case 
the  shot  slipped,  sometimes  at  a  depression  of 
8°,  and  always  before  reaching  the  angle  of 
loading  by  the  hydraulic  machinery,  which  is 
about  10  or  12°.  The  bore  of  the  '68  ton  guns 
is  16  feet  6  inches  in  length,  and  it  is  the  opin- 
ion of  the  authorities  at  the  Royal  Gun  Facto- 
ries that  the  shell  in  the  Thunderer's  gun  had 
slipped  to  a  position  about  one-fourth  of  the 
way,  which  would  correspond  externally  with 
the  front  of  the  trunnions.  Major  Owen,  Royal 
Artillery,  the  representative  of  the  War  Office, 
has  arrived  at  Malta,  but  has  not  yet  communi- 
cated his  conclusions  to  the  authorities  at  home. 
It  is  understood  that,  notwithstanding  the 
frightful  Dature  of  the  shock  caused  by  the  ex- 
plosion, the  turret  of  the  Thunderer  still 
revolves,  and  that  the  fellow  gun  in  the  tuiret 
could  in  a  very  short  time  have  been  worked 
and  fought  had  it  been  necessary  to  do  so.  The 
committee  appointed  by  the  Admiralty  to  in- 
quire into  the  recent  disaster  consists  chiefly  of 
naval  officers  now  at  Malta,  Mr.  Bramwell,  F. 
R.  S.,  acting  as  assessor.  Captain  Noble,  late 
■of  the  Royal  Artillery,  will  attend  to  represent 
Sir  Willliam  Armstrong  &  Co.,  the  manufactu- 
rers of  the  hydraulic  machinery  for  loading  and 
working  the  guns  in  the  fore  turret  on  board 
the  Thunderer. 
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rip  ursine  Wheels.  By  Prof.  W.  P. 
X  Trowbridge,  of  Columbia  College. 
Van  Nostrand's  Science  Series  No.  44. 
New  York  :  D.  Van  Nostrand.     Price  50  cts. 

The  object  of  this  essay  is  to  show  that  the 
theory  of  Turbines  as  set  forth  by  Rankine, 
Weisbach,  Bresse,  and  others,  is  not  a  satisfac- 
tory elucidation  of  the  principles  upon  which 
the  modern  turbines  are  based. 

The  author  says:  "It  may  be  shown,  I 
think,  that  if  Boyden  and  Francis  had  followed 
strictly  the  rules  of  construction  laid  down  in 
the  works  alluded  to,  they  would  have  failed 
in  their  efforts  to  construct  Turbines  giving 
any  considerable  increase  of  efficiency  over  the 
old  Fourneyron  or  Journal  wheels  of  European 
design  or  construction." 

The  discussion  of  the  essay  is  intended  to 
apply  to  the  later  forms  of  Turbines,  but  the 
formulas  are  applicable  to  nearly  all  water 
wheels,  by  making  simple  and  proper  supposi- 
tions in  regard  to  the  quantities  which  enter 
into  them. 

Manual  of  Practical  Chemistry.  The 
Analysis  of  Foods  and  the  Detec- 
tion of  Poisons.  By  Alexander  Blyth, 
F.C.S.  London  :  Charles  Griffin  &  Co.  For 
sale  by  D.  Van  Nostrand.     Price  $5.00. 

This  work  does  not  present,  in  any  part,  the 
ordinary  scheme  for  qualitative  analysis.  To 
employ  the  book  to  advantage,  the  reader 
must  be  familiar  with  the  methods  and 
materials  of  a  laboratory. 


The  treatise  is  in  two  divisions,  land  is 
further  subdivided  into  "  parts  "  as  follows  : 

First  Division.     Analysis  of  Foods. 

Part  I,  Ash,  Sugar,  Starches  ;  II,  Wheat, 
Flour,  Bread  ;  III,  Milk,  Butter,  Cheese  ;  IV, 
Tea,  Coffee,  Cocoa ;  V,  Alcohol,  Alcoholic 
Liquors  ;  VI,  Vinegar  ;  VII,  Mustard,  Pepper, 
Almonds,  Annatto. 

Second  Division. 

Part  I,  Introductory ;  II,  Prussic  Acid, 
Phosphorus,  Chloroform  ;  III,  Alkaloids  and 
Vegetable  separated  for  the  most,  part  by  Alco- 
hol ;  IV,  Animal  Poisons  ;  V,  Inorganic 
Poisons. 

In  the  first  division  will  be  found  most  of 
the  valuable  information  that  is  not  obtainable 
from  other  sources,  and  in  this  portion  the 
author  has  presented  a  large  collection  of  anal- 
ysis of  the  common  things  of  the  household. 
Instructions  for  Testing  Telegraph 
Lines  and  the  Technical  Arrange- 
ment of  Offices;  Written  in  Behalf  of 
the  Government  of  India,  under  the 
Orders  of  the  Director  General  of  Tele- 
graphs in  India.  By  Louis  Schwendler. 
Vol.1.  London:  Triibner  &  Co.  New  York: 
D.  Van  Nostrand.     1879.     Price  $4.00. 

The  first  volume  of  this  work,  which  has 
recently  been  issued,  is  in  substance  a  revised 
compilation  of  the  contents  of  a  series  of  circu- 
lars of  instruction  relating  to  the  practical 
work  of  the  Government  telegraph  lines  in 
India,  which  were  prepared  by  Mr.  Schwend- 
ler at  intervals  from  1869  to  1876,  and  printed 
for  the  especial  use  of  the  staff  in  that  depart- 
ment. The  very  general  demand  among  mem- 
bers of  the  profession  in  other  countries  for 
copies  of  these  circulars,  finally  led  Mr. 
Schwendler  to  undertake  the  preparation  of  a 
second  and  revised  edition  in  a  more  conven- 
ient and  accessible  form.  The  instructions  in 
the  present  work,  although  thus  prepared  for  a 
special  purpose  and  under  the  influence  of 
local  circumstances,  are  almost  equally  well 
adapted  to  the  use  of  practical  electricians  in 
other  countries.  In  fact,  it  may  be  said,  that 
the  peculiar  difficulties  which  are  met  with  in 
the  construction,  maintenance  and  administra- 
tion of  telegraphic  lines  in  India,  will  be  found  to 
exist  to  a  much  greater  extent  on  the  American 
continent  than  in  any  part  of  Europe,  and 
therefore  it  is  not  unlikely  that  Mr.  Schwend- 
ler's  work  will  ultimately  prove  of  more  real 
value  in  this  country  than  anywhere  else  out- 
side of  India. 

The  present  volume  is  devoted  entirely  to  the 
subject  of  testing;  the  portion  relating  to  the 
technical  arrangement  of  offices,  etc.,  being 
reserved  for  the  succeeding  volume,  which  is 
intended  to  be  published  some  time  in  the 
course  of  the  present  year. 

The  first  volume  is  divided  into  two  parts. 
The  first  part  treats  of  the  apparatus  employed 
in  line  testing,  viz.,  the  so-called  "Wheatstone" 
bridge,  and  the  differential  galvanometer.  Of 
these  two  methods,  Mr.  Schwendler  very  prop- 
erly gives  the  most  decided  peference  to  the 
former.  The  differential  galvanometer,  he 
says,  for  the  same  bulk  and  cost,  can  never 
combine  the  same  accuracy  and  sensibility 
within  wide  limits  as  the  bridge. 
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The  mathematical  theory  of  the  bridge 
under  various  conditions  is  given  at  great 
length,  and  with  an  imposing  array  of  formu- 
la. A  theoretical  and  an  actual  plan  of  a 
testing  board  is  given  at  the  end  of  this  section, 
which  embodies  several  very  valuable  features 
not  often  found,  if  at  all,  in  the  ordinary 
arrangements  familiar  to  electricians.  For 
example,  the  galvanometer  coil  is  wound  in 
two  sections  and  provided  with  a  commutator, 
which  enables  the  sections  to  be  placed  in 
series  or  in  multiple  arc,  according  as  the 
resistance  to  be  measured  is  great  or  small. 
Another  commutator  provides  for  interchang- 
ing the  position  of  the  battery  and  galvano- 
meter in  their  respective  diagonals,  a  great 
convenience  when  very  large  and  very  small 
resistances  are  required  to  be  measured  by  the 
same  apparatus. 

The  second  part  is  devoted  solely  to  the 
examination  and  solution  of  the  problems 
which  practically  arise  in  the  electrical  testing 
of  telegraph  lines;  the  determination  of  their 
general  electrical  condition,  the  localization  of 
faults,  etc.,  etc.  Although  this  chapter  is  very 
full,  and  exceedingly  well  arranged,  there  is, 
perhaps,  little  or  nothing  contained' in  it  which 
is  new  to  the  well-informed  electrician.  An 
unusual  degree  of  attention  is  devoted  to  1he 
methods  of  deducing  the  true  electrical  condi- 
tion of  the  line  from  the  apparent  condition  as 
shown  by  the  results  of  the  actual  tests,  a  mat- 
ter which  has  not  by  any  means  received  due 
attention  in  most  of  the  existing  test-books. 
The  directions  for  checking  and  eliminating 
untrustworthy  measurements,  in  making  up 
averages,  are  also  of  great  value,  since  this  is  a 
matter  that  frequently  leads  to  error  on  the 
part  of  inexperienced  practitioners.  So  far  as 
we  have  been  able  to  discover,  almost  every 
condition  likely  to  come  up  in  practice  has 
been  duly  provided  for,  and  this,  by  the  way, 
is  an  advantage  which  has  resulted  from  the 
manner  in  which  the  book  has  grown  up, 
piecemeal,  as  it  were,  in  accordance  with  the 
.requirements  of  actual  service,  as  manifested 
from  time  to  time. 

Not  the  least  useful  part  of  the  work  are  the 
various  appendices,  giving  actual  examples, 
taken  from  the  records  of  the  Indian  lines, 
which  show  the  practical  application  of  the 
methods  set  forth,  in  detail.  Specimens  of  all 
the  blank  forms,  for  records,  reports,  etc., 
which  are  there  used,  are  given,  and  altogether 
this  part  of  the  work  will  hereafter  prove  of 
great  service  to  the  officers  of  other  administra- 
tions, who  are  desirous  of  organizing  a  system 
of  testing  for  the  purpose  of  securing  similar 
results. 

We  think  it  would  have  added  very  much  to 
the  practical  value  of  Mr.  Schwendler's  work, 
if  he  had  devoted  a  reasonable  amount  of  space 
to  the  theoiy  and  practice  of  line  testing  with 
the  tangent  galvanometer,  which,  although  not 
to  be  compared  with  the  differential  apparatus 
in  accuracy  of  its  results,  is  nevertheless  a  most 
admirable  instrument  for  ordinary  every-day 
work,  in  the  hands  of  the  average  operator. 
By  means  of  it,  it  is  easy  to  keep  the  run  of  the 
condition  of  the  lines  by  going  over  them 
rapidly  every  morning,  and  in  case  any  fault 


is  discovered,  the  more  accurate  differential 
methods  may  be  resorted  to  for  quant itive 
measurements,  as  is  now  the  general  practice  in 
this  country.  The  excellent  and  convenient 
instruments  constructed  by  Mr.  Phelps  have 
proved  very  serviceable  for  this  work,  and  have 
received  frequent  approval  from  foreign  elec- 
tricians who  have  seen  them  in  use  here.  It  is 
not  very  probable  that  so  well-informed  and 
experienced  an  electrician  as  Mr.  Schwendler,. 
is  altogether  ignorant  of  the  value  of  the  tan- 
gent galvanometer  when  used  in  this  way,  and 
we  are,  therefore,  disposed  to  find  a  more  prob- 
able explanation  in  the  fact  that  the  conditions 
of  the  Indian  service  are  unlike  ours  in  one  im- 
portant respect,  viz. ,  the  much  greater  average 
length  of  circuits  and  distances  between  testing 
stations,  and  the  much  smaller  number  of  wires 
in  each  office.  This  renders  a  more  considera- 
ble degree  of  accuracy  necessary,  and  at  the 
same  time  enables  it  to  be  obtained  with  less 
inconvenience.  Mr.  Schwendler's  precise  habits 
of  mind  may  also  have  led  him  to  undervalue 
the  "rough  and  ready"  processes  and  loose 
approximations  of  this  mode  of  measurement. 
He  is  a  skillful  mathematician,  as  the  pages  of 
the  work  under  consideration  sufficiently  attest; 
and  doubtless  has  the  true  mathematician's 
horror  of  inexact  results.  Nevertheless,  it  is 
to  be  hoped  he  will  in  a  future  edition  take  up 
this  matter,  and  handle  it  with  his  accustomed 
skill. 

The  typographical  execution  of  the  work  is 
excellent  The  type  is  clear  and  open,  and  the 
paper  and  press  work  unexceptionable  The 
succeeding  volume,  treating,  as  it  will,  upon  a 
branch  of  telegraphic  engineering  which  has 
been  almost  entirely  overlooked  not  alone  by 
the  writers  of  test-books,  but  even  by  the  con- 
tributors of  the  professional  journal,  cannot  fail 
to  be  of  great  practical  value.  Its  appearance 
will  be  awaited  with  interest,  especially  in  this 
country,  where  far  greater  attention  appears  to 
have  been  paid  to  this  subject  than  has  been^ 
the  case  abroad. — Journal  of  The  Telegraph. 

Army  Sacrifices  ;  or  Briefs  from  Offi- 
cial Pigeon-Holes.  By  James  B.  Fry, 
Colonel  Adjutant  General's  Department,  and 
Brevet  Major-General  United  States  Army. 
New  York  :  D.  Van  Nostrand.  1879.  Price 
$1.00. 

This  is  a  neat  volume  of  sketches  which  have 
been  "grouped  together  for  the  purpose  of  il- 
lustrating the  services  and  experiences  of  the 
regular  Army  of  the  United  States  on  the 
Indian  frontier."  Notwithstanding  our  innu- 
merable Indian  fights,  there  are  very  many 
Americans  who  have  no  correct  idea  of  the 
real  life  of  a  soldier  in  the  far  West.  Here,  in 
the  East,  officers  and  soldiers  have  a  compara- 
tively easy  time  of  it  ;  but  the  ordinary  duties 
in  the  West  are  not  only  without  glory,  but  are 
attended  with  dangers  and  sufferings  no  less 
terrible  and  trying  than  those  of  the  great  wars 
whose  victims  receive  the  unstinted  sympathy 
of  their  fellow-men,  and  whose  heroes  are  held 
up  forever  to  the  admiring  gaze  of  millions. 
The  savage  foe,  the  sudden  storm,  the  pitiless 
wind,  the  biting  frost,  the  frequent  hunger,  en- 
countered every  year  by  the  larger  part  of  the 
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Army,  call  for  an  aggregate  of  courage,  skill, 
and  fortitude  which  is  perhaps  not  found  else- 
where in  the  world.  The  book  before  us  is  a 
recital  of  some  of  the  more  thrilling  incidents 
which  have  occured  from  time  to  time  west  of 
the  Mississippi  River.  Most  of  the  sketches 
are  of  actual  occurrences,  and  are  presented  as 
examples  of  the  dangers  and  privations  to 
which  our  soldiers  in  active  service  in  the 
Indian  country  are  continually  exposed  and  the 
gallantry  and  fortitude  they  display.  So  far 
as  these  are  concerned,  the  book  is  a  creditable 
reproduction  of  official  reports,  elaborated,  per- 
haps, by  confirmatory  information  of  a  reliable 
character.  Some  of  them  would  have  been  im- 
proved by  the  elimination  of  certain  introduc- 
tory remarks  at  the  beginning  of  each  new 
piece,  and  the  striking  out  of  the  too  frequent 
notification  that  "the  first  effort  of  Indians  in 
making  an  attack  is  almost  invariably  to  stam- 
pede the  animals."  Nor  can  we  approve  of 
two  or  three  selections,  which,  to  our  mind, 
have  no  connection  whatever  with  Army  life, 
and  which  we  cannot  believe  form  any  part  of 
official  records.  For  instance,  the  description 
•of  the  "  Penitentes,"  a  religious  sect  of  New- 
Mexico,  while  highly  interesting  in  its  hideous 
details,  is  certainly  out  of  place  in  a  book  il- 
lustrative of  Army  sacrifices ;  as  is  also  the  story 
of  "  Bill  and  Dan,"  two  industrious  brothers, 
who,  unfortunately  for  them,  no  doubt,  "  met 
a  tragic  fate,"  but  one  not  more  tragic  than 
that  suffered  by  hundreds  of  other  frontiers- 
men. 

There  are  soldiers  who  fell  in  the  cheerful 
performance  of  arduous  and  dangerous  duties 
whose  deeds  and  death  are  almost  forgotten, 
save  by  their  families  and  a  few  frontiersmen 
who,  in  their  wanderings,  may  cross  the  trails 
or  streams  which  bear  their  names.  Fortunate- 
ly, this  book  contains  very  many  examples  of 
this  sort,  records  of  unsurpassed  bravery  and 
endurance,  of  the  deeds  of  men  who  were  not 
afraid  of  death,  and  who  did  their  whole  duty 
as  best  becomes  a  soldier.  Fiction  itself  can 
present  no  more  pathetic  incidents  or  more 
stirring  tales  of  heroism  than  some  which  are 
so  graphically  presented  to  us  by  General  Fry. 
The  story  of  Lieut.  Mellen's  sufferings — the 
summons  to  duty  at  a  distant  post,  the  lonely 
ride,  the  swollen  river,  the  noble  horse  and 
gallant  rider  breasting  the  turbid  waters,  the 
sudden  slip  and  struggle  amid  the  icy  "waves, 
the  grasp  for  life,  the  long  dead  blank,  the 
painful  awakening  to  a  possible  death  from 
cold  and  starvation,  the  terrible  efforts  to  re- 
gain the  saddle,  the  agonizing  ride,  and  the 
final  amputation  of  both  feet — all  these  were 
but  actual  occurrences,  growing  out  of  the 
execution  of  a  simple  order  in  the  ordinary 
routine  of  an  officer's  life  on  the  frontier. 
Take,  also,  the  case  of  Brevet  Lieut-Col. 
Forsyth,  of  which  we  shall  have  more  to  say 
further  on,  and  of  Major-Gen.  George  L.  Hart- 
suff ,  a  hero  of  the  civil  war,  who  died  in  this 
city,  in  1874.  This  gallant  soldier's  fight, 
when  but  a  Lieutenant,  with  a  band  of  Semi- 
noles  in  Florida,  in  December,  1855,  is  a  won- 
derful story.  The  description  of  Roman 
Nose,  a  great  war  leader,  is  worthy  of  quota- 
tion.    "He  was,"  says  Gen.  Fry,  "one  of  the 


finest  specimens  of  the  untamed  savage.  It 
would  be  difficult  to  exaggerate  in  describing 
his  superb  physique.  A  veritable  man  of  war, 
the  shock  of  battle  and  scenes  of  carnage  and 
cruelty  were  as  the  breath  of  his  nostrils ; 
about  30  years  of  age.  standing  six  feet  three 
inches  in  height,  he  towered,  giant-like,  above 
his  companions.  A  grand  head,  with  strongly 
marked  features,  lighted  by  a  pair  of  fierce 
black  eyes,  a  large  mouth  Avith  thin  lips, 
through  which  gleamed  rows  of  strong  white 
teeth,  a  Roman  nose,  with  dilated  nostrils  like 
those  of  a  thoroughbred  horse,  first  attracted 
attention,  while  a  broad  chest,  with  symmetri- 
cal limbs  on  which  the  muscles  under  the 
bronze  of  his  skin  stood  out  like  twisted  wire, 
are  some  of  the  points  of  this  splendid  animal. 
Clad  in  buckskin  leggings  and  moccasins 
elaborately  embroidered  with  beads  and 
feathers,  with  a  single  eagle  feather  in  his 
scalp-lock,  and  with  that  rarest  of  robes,  a 
white  buffalo,  beautifully  tanned  and  soft 
as  cashmere,  thrown  over  his  naked 
shoulders,  he  stood  forth  the  war  chief  of 
the  Cheyennes."  The  occasion  was  a  council 
at  Fort  Ellsworth,  late  in  1866,  at  which  the 
Indians  protested  against  the  building  of  rail- 
roads, because  they  were  drivirjg  away  the 
buffalo,  and  thus  interfering  with  their  hunt- 
ing grounds. 

Roman  Nose  was  afterward  killed  while 
leading  a  large  band  of  savages  against  Major 
George  A.  Forsyth,  of  the  Ninth  Cavalry. 
Forsyth  was  then,  as  he  is  now,  on  Gen.  Sheri- 
dan's staff.  He  had  accompanied  his  chief  to 
the  far  West,  and  chafing  under  the  restraint 
and  inactivity  of  his  position,  begged  a  com- 
mand in  the  held.  It  was  finally  decided  that 
he  might  lead  a  force  of  50  men,  who  had 
been  specially  hired  for  the  occasion.  This 
little  force  was  soon  in  the  saddle  and  in  active 
pursuit  of  the  Indians.  On  the  night  of  the 
16th  of  September,  1867,  Major  Forsyth's 
force  was  surrounded  by  nearly  a  thousand 
savages,  and  then  followed  one  of  the  most 
heroic  and  effectual  struggles  in  the  history  of 
mankind.  The  Indians  rushed  in  upon  the 
heroic  half  a  hundred  time  and  time  again, 
but  as  often  were  they  received  by  the  well- 
directed  fire  of  musketry.  At  the  close  of  the 
first  day,  every  horse  and  mule  was  dead, 
Lieut.  Beecher,  the  second  in  command,  was 
killed,  three  men,  including  the  doctor,  lay 
dead  in  the  "trenches,"  two  others  were  mor- 
tally, and  17  severely  wounded.  Before  10 
o'clock,  Forsyth  himself  had  been  shot  in  the 
thigh  ;  a  few  hours  afterward  a  ball  entered 
his  left  leg  below  the  knee,  completely  shatter- 
ing the  bone,  and  before  night  a  third  ball 
grazed  the  top  of  his  forehead,  chipping  out  a 
piece  of  the  skull.  Men  volunteered  to"go  out 
in  search  of  relief.  Dav  after  day  the^  right 
was  renewed  and  all  the  food  our  heroes  had 
was  raw  mule  meat.  But  presently,  it  grew 
putrid,  could  no  longer  be  eaten,  and"  the 
pangs  of  hunger  began.  By  the  seventh  day 
the  Indians  had  entirely  disappeared,  but  the 
beleaguered  force  were  now  to  weak  to  move. 
Men  became  delirious,  and  the  wounded  ones 
suffered  dreadfully.  The  shattered  bone  of 
brave  Forsyth's  leg  stuck  through  the  skin,  and 
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maggots  took  possession  of  the  horrible  sore. 
The  eighth  day  wore  away,  and  then,  on  the 
morning  of  the  ninth  day,  friends  arrived. 
The  empty  honor  of  a  "brevet  "  was  the  only 
recognition  Forsyth  received  for  his  heroic 
conduct  in  this  affair,  and  well  may  Gen.  Fry 
ask,  "  Can  bravery,  gallantry,  and  devotion  to 
duty  flourish  under  a  military  system  in  which 
such  services  are  neither  rewarded  nor  remem- 
bered ?  " 

In  his  preface,  Gen.  Fry  says  it  is  unavoida- 
ble that  the  recitals  in  those  pages  exhibit  the 
worst  features  of  the  Indian  character,  such 
not  being  the  purpose  of  the  work.  "  Driven 
continually  behiud  our  rapidly-advancing 
frontier,  plundered  and  abused  by  the  more 
powerful  and  aggressive  race,  without  one  par- 
ticle of  redress  for  any  wrong  done  him  by  the 
white  man,  and  knowing  no  law  but  that  of 
retaliation  and  vengeance,  it  is  not  strange  that 
the  barbarian  should  indulge  in  bloody  deeds." 
After  discussing  this  question  at  some  length, 
the  General  arrives  at  certain  conclusions, 
which,  briefly  summarized,  are  :  First,  localize 
the  Indians,  "subdividing  tribes  into  bands,  and 
securing  the  title  of  land  to  them  in  common 
by  a  deed  of  trust  ;  secondly,  place  these  loca- 
tions under  martial  law,  to  be  administered 
upon  white  men  and  Indians  alike  ;  and, 
thirdly,  permit  all  proper  intercourse,  es- 
pecially intermarriage,  between  the  whites 
and  Indians. — N.  Y.  l"imes. 


MISCELLANEOUS. 

Mr.  Galloway's  theory  relating  to  the  part 
played  by  floating  coal-dust  in  mines,  is 
receiving  much  support.  M.  L.  Simonin  re- 
cently stated  certain  facts  which  he  considers 
prove  that  in  the  majority  of  cases  it  is  to  the 
heating  of  the  coal-dust  diffused  in  the  galleries 
of  the  mines  to  which  explosions  are  due. 
Referring  to  the  catastrophe  in  the  Jabin  Mine, 
at  St.  Etienne,  February  4th,  1876,  he  states,  on 
the  authority  of  the  manager,  that  the  mine  in 
question  contains  very  little  fire-damp,  and  that 
the  precautions  hitherto  taken,  with  an  exclusive 
reference  to  that  gas,  are  not  sufficient  Others 
must  be  taken  against  the  extremely  fine  coal- 
dust,  which  at  the  moment  of  the  explosion  of 
slight  amounts  of  fire-damp,  or  even  of  blasting 
powder,  liberates  rapidly  a  part  of  the  coal-gas 
which  it  contains)  and  propagates  the  explosion, 
reproducing  the  cause  of  the  evil  with  so  much 
the  greater  energy  as  the  current  of  air  is  more 
violent.  Thick  crusts  of  coke — 2  or  three  cen- 
timeters—prove this  fact,  and  explain  how  it  is 
that  extensive  tracts  in  which  fire-damp  has 
never  been  observed  are  burnt  like  the  rest  of 
the  workings.  Hence,  it  appears  that  the  pre- 
cautions to  be  taken  in  fiery  mines  are  complex 
whenever  the  coal-dust  is  rich  in  gas  and  very 
finely  divided.  Explosions  may  then  ensue 
even  in  mines  where  fire-damp  is  unknown. 
There  is  no  need  to  suggest  the  existence  of 
cavities  full  of  carbonic  oxide,  or  of  gaseous 
hydrocarbons,  and  suddenly  laid  open  by  a 
blow  from  a  miner's  pick.  The  Chemical  News 
suggests  that  the  attempt,  recently  made  in  some 
mines,  to  screen  the  coal  below  ground,  is  a 


dangerous  mistake,  as  calculated  to  increase  the 
quantity  of  dust  diffused  in  the  air  of  the  mine. 
rpiRE  Fastenings. — A  new  and  valuable 
JL  method  of  fastenings  tires,  invented  by 
Mr.  Kaselowsky,  a  German  engineer,  has  suc- 
cessfully stood  the  test  of  a  series  of  experi- 
ments. A  dovetailed  groove  is  turned  in  the 
inner  face  of  the  tire,  and  a  similar  one  in  the 
outside  of  the  skeleton,  so  that,  when  the  tire 
is  slipped  on,  the  two  come  opposite  to  each 
other  and  form  a  channel  of  dowel-shaped 
section  going  all  round  the  wheel.  Into  this 
channel  is  run  some  easily  fusible  metal  (by 
preference  pure  zinc),  which,  on  cooling,  makes 
a  firm  connection  between  the  tire  and  wheel. 
In  carrying  out  the  operation  the  tire  is  only 
slightly  healed,  a  shrinkage  of  j^g-g  being 
found  ample,  and  is  then  brought  over  the 
skeleton,  which  is  laid  in  a  horizontal  position, 
and  forced  upon  it.  The  zinc  is  then  imme- 
diately run  in  through  the  holes  cast  in  the 
skeleton,  if  of  cast  metal,  or  drilled  in  other 
cases  ;  thus  the  zinc  is  at  once  prevented  from 
cooling  while  being  run  in,  and  is  compressed, 
and  thus  rendered  much  stronger,  by  the  sub- 
sequent contraction  of  the  tire.  That  this 
mode  of  fastening,  in  addition  to  its  simplicity 
and  cheapness,  offers  full  security,  both 
against  sideways  shifting,  and  in  case  of  break- 
age of  the  tire,  has  been  proved  by  experiments 
made  in  the  central  workshops  at  Frankfort. 

In  a  paper  read  before  the  French  Association, 
in  August,  M.  Daubree,  director  of  the 
School  of  Mines  of  Paris,  says  that  one  of  the 
most  remarkable  characters  of  the  rocks  which 
have  undergone  mineralogical  transformations, 
comprised  under  the  name  of  "  metamor- 
phism,"  is  that  the  rocks  thus  transformed  are 
often  associated,  occupying  together  consider- 
able territory,  while  in  other  regions,  the  same 
rocks  still  more  extensive,  do  not  present  like 
modifications.  These  transformations  are 
probably  due  to  the  influence  of  heat  pi oductd 
by  mechanical  actions,  that  have  left  their 
traces  in  the  bendings  and  foldings  of  the 
strata.  M.  Daubree,  after  a  series  of  experi- 
ments on  the  heat  produced  in  rocks  by  in- 
terior movements,  drawrs  the  following  con- 
clusions :  (1)  The  rocks  were  already  in  a 
solid  state  at  the  period  when  they  followed 
the  action  which  contorted  them.  (2)  Many  of 
these  rocks  during  these  movements  acquired 
a  laminated  structure,  (cf)  Certain  effects  of 
regional  metamorphism  may  be  derived  simply 
from  the  heat  which  has  been  developed  in  the 
rocks  by  mechanical  action.  (4)  Fossils  have 
been  destroyed  by  trituration  in  the  interior 
movements  of  such  rocks  as  have  become 
changed  in  texture  or  assumed  a  crystalline 
state.  "Finally,"  says  M.  Daubree,  "in  rock 
masses  where  metamorphism  has  been  develop- 
ed on  a  great  scale,  and  far  from  any  eruptive 
rock,  the  heat  which  has  presided  over  the 
transformation  of  the  rocks,  and  the  appear- 
ance of  new  species  of  minerals,  may  have  been 
caused  by  the  very  mechanical  actions  which 
these  rocks  underwent."  M.  Daubree  thus 
seeks  an  explanation  of  the  evidences  of  heat 
action  in  the  mechanical  action  resulting  from 
loss'of  heat,  to  which  Mallet  ascribed  volcanic 
and  earthquake  phenomena. 
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III. 


30.  Perfect  Gas  Flowing  from  one 
Vessel  to  Another. — Let  px  v1  tx  qx  be 
the  pressure,  specific  volume,  tempera- 
ture and  total  weight  respectively  of  the 
gas  in  the  first  vessel  in  its  initial  state, 
and  let  j»2  i>2  £2  g2  designate  the  initial 
state  in  the  second  vessel. 

Let  same  gas  flow  from  the  first  vessel 
to  the  second,  and  let  the  final  state  of 
the  first  vessel  be  designated  by  the  sub- 
script 4.  and  the  final  state  of  the  second 
vessel  by  3. 

•••  fi,,-?4=?.-S,»>  •  •  (156) 
is  the  quantity  of  gas  which  has  flowed 
from  the  first  vessel  to  the  second, 

also,  Qlv1  =  givi    .     .     .     (157) 

and,  q*v2  =  q3v3     .     .     .     (158) 

are  the  volumes  of  the  first  and  second 
vessels  respectively. 

Also,  if  no  heat  is  imparted  to  or  with- 
drawn from  the  gas,  the  expansion  in  the 
first  vessel  is  adiabatic,  but  the  second 
vessel  has  the  energy  imparted  to  it 
which  is  withdrawn  from  the  first  vessel. 
\  by  (129)  or  (135),  and  by  (157) 
p 
P 


Hr=(DH;)-  ■  ■  w> 


*  Figs.  2,  3  and  4  which  should  have  been  inserted  in 
the  April  number  of  the  Magazine  will  be  found  at  the 
end  of  this  article. 

Vol.  XX.— No.  5—25 


express   the 
any  time. 


state  in  the  first  vessel  at 


By  (10),  f  qdw=Jqpdv     .     .     (160) 


A 


is  the  work  of  expansion  in  the  first  ves- 
sel from  the  state  1  to  the  state  4  per- 
formed in  driving  gas  into  the  second 
vessel.  Since  the  expansion  is  adiabatic, 
this  work  can  be  expressed  by  help  of 
(159)  in  terms  the  single  variable  p. 

4  q  i)     /*^  a  i) 

qcho=  —  ^— J  /    d'»=ii-1  (»,—  »J 
i  n  J   i  n       1       5 

.     .     (161) 

is  the  work  of  expansion  gained  by  tiie 
second  vessel.  It  can  be  expressed  in 
terms  of  either  other  variable  by  help  of 
(159). 

Again,  /  sdq=Jcv  J  tdq   .     .    (162) 

is  the  energy  contained  in  the  gas  gained 
by  the  second  vessel  in  the  form  of  heat. 
But  by  (121),  (109)  and  (159) 


Jsdq-- 


Wi 


n(n-l) 


/dp= 


Wi 


n{n-l) 


.     (163) 

The  total  energy  transferred  from  the 
first  to  the  second  vessel  is  the  sum  of 
(161)  and  (163) 
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.-.  J   qdw+ Jsdqz=H^{p-p^  .  (164) 

This  can  be  otherwise  readily  shown,  for 

by  (141)         nk0  J*tdq      .     .     .      (165) 

is  the  total  energy  transferred.  But 
(165)  is  n  times  the  last  member  of  (162), 
hence  its  value  is  n  times  the  last  mem- 
ber of  (163),  which  was  to  be  proved. 
By  writing  the  subscript  4  in  (159)  we 
find  the  relations  between  the  quantities 
Pii  Vi>  ti->  ?4?  which  designate  the  second 
state  of  the  first  vessel. 

To  find  the  second  state  of  the  other 
vessel;  the  energy  of  sensible  heat  in 
the  initial  state  of  the  gas  in  this  vessel, 
is  by  art.  23, 

*»^=££?     *     '      (166) 

and  the  energy  imparted  by  the  first 
vessel  is  (164) :  the  sum  (164)  and  (166) 
must  be  equal  to  the  total  energy  of 
sensible  heat  of  the  gas  in  the  state  3, 
which  is  kv  qz  ta.  Now  divide  by  kv  and 
we  have 


2  ***=$&  +  ? 


M*-$ 


(167) 


in  which  q3  is  given  by  (156),  hence  t3  can 
be  found  from  (167) 


(168) 


Also,  by  (9), 

_psv 

.-.  by  (158),    . 

P*_ 

QA 

-  P* 

QA 

Now  divide  (167)  by 

&*. 

•••  by  (167), ^f 

V  2 

=1+ 

M(i_ 

QA\ 

(169) 


from  which  p3  can  be  found.  We  have 
now  shown  how  to  find  each  of  the  varia- 
bles ps  vs  t3  q3  in  terms  of  known  quanti- 
ties, when  a  given  quantity  q1—qi  flows 
from  one  vessel  to  the  other. 


u 

1 

uv 

□ 

Fig.  5. 

D 

□ 

31.  Hot  Ant  Engines. — In  Fig.  5  let  x 
be  a  solid  piston  working  in  a  cylinder 
by  which  the  volume  of  the  air,  or  other 
perfect  gas,   contained  in   the    cylinder 


and  in  vessels  connected  with  it  may  be 
made  to  vary.  Let  x  be  called  the  work- 
ing piston.  And  let  y  be  a  perforated 
piston  also  working  in  a  cylinder.  On 
moving  y  air  is  transferred  through  it 
from  one  side  of  it  to  the  other.  Let  y 
offer  no  resistance  to  the  passage  of  air 
through  it,  so  that  the  pressure  of  the 
entire  mass  of  air  confined  by  the  work- 
ing piston  x  is  the  same  on  whichever 
side  of  y  it  may  be.  The  piston  y  serves 
to  .divide  the  whole  confined  air  into  two 
parts,  which  we  shall  suppose  to  be  at 
different  temperatures  but  at  the  one 
pressure.  Let  the  whole  space  at  the 
left  of  y  be  called  the  furnace,  and  let 
the  air  in  the  furnace  be  all  at  the  one 
temperature.  Call  the  space  at  the  right 
of  y  the  clearance,  and  let  all  the  air  in 
it  be  at  another  temperature.  The  pis- 
ton y  is  the  supply  piston  of  the  fur- 
nace, since  by  it  air  is  transferred  from 
the  clearance  to  the  furnace. 

It  is  seen  that  by  moving  x  the  space 
occupied  by  the  clearance  is  altered,  but 
the  volume  and  pressure  are  varied  in 
both  furnace  and  clearance.  By  moving 
y  the  total  volume  of  furnace  and  clear- 
ance is  unchanged,  but  the  space  occu- 
pied by  one  is  increased  at  the  expense 
of  the  other,  while  the  air  transferred 
from  one  to  the  other  has  undergone  a 
change  of  temperature,  and  consequently 
there  has  been  also  a  change  of  the  spe- 
cific volumes  and  pressures  in  both  fur- 
nace and  clearance. 

The  simple  arrangement  just  described 
will  enable  us  to  discuss  various  differ- 
ent forms  of  air  engines,  without  regard 
to  the  special  contrivances  which  may  be 
employed  for  imparting  and  rejecting 
heat,  or  for  causing  the  working  air  to 
pass  through  either  of  the  possible  cycles 
which  will  be  assumed. 

"We  shall  confine  our  attention  princi- 
pally to  the  efficiency  of  the  various 
cycles  assumed  for  the  working  sub- 
stance, as  the  determination  of  the  vol- 
ume swept  through  by  the  working  pis- 
ton and  other  practical  matters  of  the 
first  importance  in  actually  designing  an 
engine  must  be  omitted  in  the  present 
brief,  theoretical  discussion. 

One  special  contrivance,  called  the 
regenerator,  should,  however,  be  noticed 
in  this  connection,  on  account  of  the 
important  role  it  plays  in  modifying  the 
cycle   of    changes    through    which    the 
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air  passes.  When  an  air  engine  is  sup- 
plied with  a  regenerator  we  shall  conceive 
that  the  piston  y  is  this  regenerator,  which 
in  that  case  will  be  supposed  to  be  con- 
structed in  such  a  manner  as  to  store  up 
all,  or  a  part  of  the  heat  of  the  air  pass- 
ing through  it  from  the  furnace  to  the 
clearance,  and  to  restore  it  to  the  air 
passing  from  the  clearance  to  the  fur- 
nace. The  regenerator  may  be  conceived 
to  consist  of  many  sheets  of  wire  netting. 
If  no  conduction  of  heat  occurs  in  the 
regenerator,  the  heat  will  be  stored  and 
restored  at  the  same  temperature,  so 
that  the  passage  of  the  air  through  it 
may  be  regarded  as  being  attended  by 
an  adiabatic  variation  of  the  working 
substance,  when  by  working  substance  is 
meant  both  the  air  and  the  material  of 
the  regenerator. 

32.  Working  Aib  and  Cushion  Air. — 
That  part  of  the  air  in  any  air  engine  to 
which  heat  is  imparted,  and  from  which 
heat  is  rejected  is  called  the  working  air. 
That  part  of  the  air  which  experiences 
only  adiabatic  changes  is  called  the  cush- 
ion air,  and  being  alternately  expanded 
and  compressed,  performs  as  much  work 
during  expansion  as  is  expended  in  com- 
pressing it.  Hence  the  external  work 
performed  depends  in  no  way  upon  the 
cushion  air.  In  practice,  part  of  the 
cushion  air  remains  in  the  furnace,  but 
most  of  it  is  usually  in  the  clearance. 
The  cushion  air  however  has  an  import- 
ant effect  on  the  size  of  the  cylinder. 
Since  it  expands  at  the  same  time  as  the 
working  air,  the  proportion  of  cushion 
air  to  each  unit  of  working  air  should  be 
as  small  as  possible,  in  order  that  the 
space  swept  through  by  the  working 
piston  x  may  be  as  small  as  possible. 

33.  Air  Engine  with  Adiabatic  Expan- 
sion.— 1°.  Let  both  x  and  y  move  to  the 
right  in  such  a  manner  that  the  initial 
temperatures  t1  and  t2  of  the  clearance 
and  the  furnace  are  unchanged  during 
this  first  operation:  hence  p^p*  is 
also  unchanged.  This  operation  involves 
heating  all  the  air  which  passes  through 
y  into  the  furnace  from  tx  to  £2  at  the  in- 
stant it  passes  through  y. 

The  total  amount  of  heat  imparted  to 
a  unit  of  air  in  carrying  it  from  the  clear- 
ance to  the  furnace  at  constant  pressure 
is 


by  (115),        K-h^kpit-tJ 


(170) 


2°.  Let  x  and  y  move  to  the  right  in 
such  a  manner  that  an  adiabatic  expan- 
sion occurs  in  both  the  furnace  and 
clearance  without  transfer  of  air  through 

y- 

Since  the  pressure,  the  specific  volumes 
and  the  temperatures  tx  and  £2  were  un- 
changed during  the  first  operation,  we 
have, 

p-=p3,  and  Pz=2\     •     (171) 
and  also,  by  (171)  and  (135), 

t1     \vj         \pj         \pj         \vj       t2 

...  (172) 
in  which  the  subscript  4  designates  the 
state  in  the  clearance  at  the  end  of  the 
second  operation,  and  3  the  state  in  the 
furnace. 

3°.  Let  x  and  y  move  toward  the  left 
in  such  a  manner  that  the  temperatures 
tt  and  t3  remain  constant  during  this 
third  operation.  This  involves  cooling 
all  the  air  from  ta  to  £4  at  the  instant  it 
passes  through  y  into  the  clearance. 

The  total  amount  of  heat  rejected  in 
transferring  a  unit  of  air  from  the  fur- 
nace to  the  clearance  is 

by  (115),         V-A4=*p  (*,-«J     .    (173), 

4°.  Let  x  and  y  move  to  the  left  in 
such  a  manner  that  an  adiabatic  com- 
pression occurs  without  transfer  of  air 
through  y,  and  let  the  compression  con- 
tinue until  at  the  end  of  this  fourth 
operation  the  air  is  restored  to  its  initial 
state  in  both  furnace  and  clearance. 
Since  the  pressure,  the  specific  volumes 
and  the  temperatures  ta  and  tt  were  not 
changed  during  the  third  operation,  (172) 
applies  to  this  fourth  operation  when  the 
subscripts  4  and  1  designate  the  states  of 
the  clearance  at  its  beginning  and  end 
respectively,  while  3  and  2  designate  the 
corresponding  states  of  the  furnace. 

The  total  external  work  performed 
must  be  the  heat  imparted  (170),  minus 
the  rejected  (173). 

The  efficiency  e,  is  the  ratio  of  the 
work  performed  to  the  heat  imparted. 


,_  ft-O-ft-0 


•  ••  by  (172),     s-. 


L— t.     t—t, 


(174) 


Hence  by  art.  18,  an  air  engine  working 
in  the  cycle,  above  indicated,  is  equiva- 
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lent  in  efficiency  either  to  a  perfect  en- 
gine between  the  temperatures  t^  and  t3 
of  the  beginning  and  end  of  the  expan- 
sion of  the  working  ah',  or  to  a  perfect 
engine  between  the  beginning  and  end 
of  the  expansion  of  the  cushion  air.  As 
£2  is  the  temperature  of  the  source  and  t4 
that  of  the  refrigerator,  the  efficiency 
above  given  would  in  all  cases  be  less, 
and  practically  much  less  than  the  effi- 
ciency of  a  perfect  engine  between  these 
limiting  temperatures,  which  efficiency  is 
by  art.  18, 

e=^.     •     •     •     (175) 
h 

The  only  manner  in  which  the  value  of 
(174)  can  be  made  to  approach  (175)  is 
by  making  tl  approach  £2,  and  hence  £4 
also  approach  t3,  but  this  would  require 
a  very  large  working  cylinder  in  propor- 
tion to  the  power  developed,  a  difficulty 
which  has  been  inherent  hitherto  in  the 
designs  of  air  engines. 

Now  let  a  regenerator  be  applied  to  an 
air  engine  working  in  the  cycle  just  de- 
scribed, in  such  a  manner  that  it  stores 
up  during  the  third  operation  (during 
which  air  is  carried  from  the  furnace  at 
*.a  temperature  t3)  a  sufficient  quantity  of 
heat  so  that  during  the  first  operation 
the  regenerator  shall  restore  the  air  as  it 
enters  the  furnace  to  the  same  tempera- 
ture ta. 

.-.  by  (115),         kp  {t-tj  .     .     .     (176) 

'  is  the  heat  stored  and  restored  by  the 
regenerator  per  unit  of  working  air. 

Also,  kpQT-Q     •     ■     ■     (177) 

is  the  heat  imparted  by  the  furnace, 

and  k,  [t-t-it-tft  .     .     (178) 

is  the  heat  rejected  per  unit  of  working 


.-.   €= 


(t-Q-it-tJ 


t.—t. 


by  (172),     e= 


t—t. 


(179) 


It  is  seen  by  comparing  (179)  with 
(174),  that  an  air  engine  working  in  this 
cycle  has  its  efficiency  increased  by  a  re- 
generator in  case  t3  is  greater  than  £,, 
but  its  efficiency  is  diminished  in  case  t3 
is  less  than  tx.  Since,  however,  as  has 
been  previously  stated,  tx  must  be  almost 
equal  to  t2  in  case  the  efficiency  approaches 


the  case  of  perfect  efficiency  contemplated 
j  in  (175),  it  appears  that  in  general  a  re- 
generator would  be  useless  in  an  engine 
having  a  cycle  of  this  kind,  for  t3  should 
be  less  than  tv 

The  cycle  of  this  engine  is  imperfect 
because  the  temperature  of  the  working 
substance  is  increased  by  imparting  heat 
to  it,  and  lowered  by  losing  heat,  where- 
as for  a  perfect  cycle,  by  art.  18,  the  heat 
should  be  imparted  along  one  isothermal 
and  rejected  along  another,  which  is  not 
the  case  in  the  cycle  which  has  been  dis- 
cussed. 

34.  Air  Engine  with  Isothermal  Ex- 
pansion.— Let  the  cycle  of  operations 
which  the  working  air  is  made  to  undergo 
be  such  that  the  temperature  £2  of  the 
furnace  is  constant  during  all  the  opera- 
tions, it  being  that  of  the  source  of  heat ; 
and  the  temperature  tx  of  the  clearance 
also  remains  constant  during  all  the 
operations,  it  being  that  of  the  refrigera- 
tor. The  first  and  third  operations  will 
then  be  the  same  as  in  art.  33,  but  in  the 
second  and  fourth  operations  heat  is  im- 
parted and  rejected  in  such  a  manner 
that  the  working  air  undergoes  isother- 
mal expansion  and  compression  instead 
of  the  adiabatic  variations  supposed  in 
art.  33. 

By  (115),  M'2-0     •    •     •     (180) 

is  the  heat  imparted  during  the  first 
operation.  The  heat  imparted  to  a  unit 
of  the  working  air  during  the  isothermal 
expansion  is 


by  (119),  Ue-e^ct, log, 


1\ 


(181) 


By  help  of  (122)  and  (135)  we  have 

K{et-e,)=Jcp  t2  loge  r    .    .     (182) 

which  is  the  heat  inrparted  during  the 
isothermal  expansion  from  the  initial 
pressure  p1  to  the  final  pressure  pa. 

•••  *fr  [*,-*,  +  *,  Iog«r]  •  •  (183) 
is  the  total  heat  imparted  to  a  unit  of 
the  working  air.     Similarly 

••■  kpl^-t.  +  t.loger)    .    .     (184) 

is  the  total  heat  rejected  per  unit  of. 
working  air  during  the  third  and  fourth 
operations. 

s=      *gT"*'  .       .      .     (185) 


'k+ 


loge  r 
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This  cycle  is  more  perfect  as  the  ratio  of 
exj)ansion  is  increased. 

By  (135)  the  ratio  of  expansion  v^-i-v1 
is  related  to  the  quantity  r  in  the  follow- 
ing manner. 

v2-T-u1=nT1M)  ....      (186) 

Let  a  regenerator  be  applied  to  an  air 
engine  working  in  the  foregoing  cycle. 
Then  the  quantity  of  heat  stored  during 
the  third  operation  and  restored  during 
the  first  operation  per  unit  of  air  is  ex- 
pressed by  (180),  hence  the  total  heat 
imparted  by  the  furnace  is  during  the 
second  operation,  and  is  expressed  by 
(182). 

Similarly,  the  total  heat  rejected  is 
during  the  fourth  operation  and  is  got 
by  changing  ts  into  t,  in  (182).  Let  the 
temperature  of  the  furnace  and  clearance 
be  t  and  t'  respectively. 


t-t' 
t 


(187) 


is  the  efficiency  of  an  air  engine  with  a 
regenerator  working  in  this  cycle.  As  is 
seen,  this  engine  is  of  perfect  efficiency, 
and  it  is  made  so  by  the  action  of  the  re- 
generator, which  fact  confirms  the  state- 
ment made  in  art.  28  to  the  effect  that 
the  changes  undergone  in  passing  the 
iv  generator  are  adiabatic,  since  no  engine 
can  have  a  perfect  efficiency,  as  this  one 
has,  by  art.  18,  except  its  cycle  consists  of 
adiabatics  and  isothermals  alone. 

35.  Ericsson's  Hot  Air  Engines. — Two 
kinds  of  hot  air  engines  have  been  put  in 
practical  operation  by  Ericsson.  The 
first  was  constructed  with  a  regenerator 
and  the  second  without  a  regenerator. 

It  is  difficult  to  know  with  certainty 
what  cycle  is  described  by  the  working 
air  in  these  engines. 

It  has  been  usually  assumed  that 
Ericsson's  engine  with  the  regenerator 
had  approximately  an  isothermal  expan- 
sion, but  that  this  was  the  fact  appears 
more  than  doubtful,  for  it  is  known  that 
air  is  a  bad  conductor  of  heat,  and  hence 
it  would  be  very  difficult,  not  to  say  im- 
possible, with  the  arrangement  of  furnace 
which  was  actually  employed  to  supply 
to  the  air  during  its  expansion  the  heat 
necessary  to  prevent  a  fall  of  tempera- 
ture. It  seems  probable  that  the  expan- 
sion was  more  nearly  adiabatic,  but  that 
during   the   outflow   the   air   was  again 


heated  to  its  initial  temperature,  i.  e.,  to 
the  temperature  of  the  commencement  of 
the  expansion.  The  effect  of  this  would 
be  to  cause  the  efficiency  of  the  engine  to 
have  a  value  near  that  expressed  by  (179), 
instead  of  the  perfect  efficiency  expressed 
by  (187).  This  great  loss  of  efficiency 
might  probably  be  largely  overcome  by 
an  arrangement  of  furnace  such  as  has 
been  proposed  by  Eankine  *  and 
employed  in  the  hot  air  machine  of 
Lemoine.  f 

A  complete  discussion,  however,  of 
this  matter  can  only  be  made  when  we 
know  the  rate  at  which  heat  is  imparted 
by  the  furnace  at  different  parts  of  the 
stroke.  If  the  working  air  is  maintained 
at  a  constant  temperature  it  is  evident 
that  heat  flows  through  the  walls  of  the 
furnace  uniformly,  for  that  flow  is  de- 
termined by  a  constant  difference  of 
temperature  between  the  outside  and 
inside  of  the  walls  through  which  the 
heat  passes.  An  isothermal  expansion 
can  therefore  be  effected  only  when  the 
parts  of  the  stroke  are  so  arranged  as  to 
require  a  uniform  expenditure  of  heat. 
It  is  needless  to  say  that  such  an  adjust- 
ment is  not  that  of  a  crank  and  piston 
stroke. 

In  Ericsson's  engine  with  a  regener- 
ator, the  compressed  air  was  supplied  to 
the  furnace  by  a  separate  pump  in  such  a 
manner  that  the  air  entering  the  regen- 
erator from  the  pump  was  at  nearly  the 
same  temperature  as  that  issuing  from 
the  regenerator  after  giving  up  its  heat 
to  the  regenerator.  Under  such  circum- 
stances the  occurrence  of  any  conduction 
or  radiation  of  heat  in  the  regenerator  in 
the  brief  time  during  which  it  was  neces- 
sary for  it  to  retain  the  stored  up  heat. 
would  result  in  a  loss  of  efficiency. 

The  reason  of  this  is  that  conduction 
or  radiation  is  a  process  of  transferring 
heat  from  a  higher  to  a  lower  tempera- 
ture without  doing  the  work  which  by 
Carnot's  principle  it  might  be  made  to 
perform  during  such  transference.  It 
seems  probable  that  the  heating  pre- 
viously mentioned,  which  occurred  during 
the  outflow,  increased  the  efficiency  of 
the  engine,  and  that  a  still  further 
heating  would  be  economical  as  tending 
to   make  up  for  the  loss  occasioned  by 

*  Steam  Engine.    Art.  275. 

t  Novelle  Mechanique  Industrielle.     L.  Pochet.  Paris, 
1ST4,  p.  170. 
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conduction  and  radiation  in  the  regenera- 
tor. 

In  Ericsson's  air  engine  without  a 
regenerator,  the  very  complicated  me- 
chanical arrangements  employed  in  caus- 
ing the  stroke  of  the  compressing  pump 
do  not  permit  any  simple  investigation 
of  the  rate  at  which  heat  is  supplied, 
but  evidently  the  cycle  of  the  working 
substance  lies  between  that  of  an  aclia- 
batic  and  an  isothermal  expansion,  and 
the  efficiency  which  is  not  large,  has  a 
value  between  that  given  by  (174)  and 

Ericsson's  engines  both  draw  their 
supply  of  air  from  the  atmosphere  and 
discharge  it  again  into  the  atmosiDhere. 
The  principal  advantage  of  this  arrange- 
ment is  that  by  it  all  other  provision  for 
rejecting  heat  is  rendered  unnecessary, 
unless  possibly  it  may  be  best  to  cool 
the  condensing  pump,  whereas  in  case 
the  same  working  air  is  used  again  and 
again  some  form  of  refrigerator  must  be 
employed.  This  usually  involves  the  ex- 
penditure of  work  in  pumping  a  con- 
siderable quantity  of  water. 

The  principal  disadvantage  of  dis- 
charging air  into  the  atmosphere  is  the 
small  working  pressure  during  the  stroke 
which  involves  a  very  large  working 
cylinder  in  proportion  to  the  power  de- 
veloped. 

36.  Stirling's  Hot  Air  Engine. — In 
the  hot  air  engine  constructed  by 
Stirling  the  working  air  is  introduced 
into  the  furnace  with  little  or  no  change 
of  volume,  hence  the  pressure  and  tem- 
perature rise  during  its  introduction,  and 
in  like  manner  fall  during  its  discharge 
from  the  furnace. 

1°.  To  find  the  efficiency  of  an  engine 
in  'which  the  working  air  in  Fig.  5  is 
transferred  with  increase  of  tenrperature 
from  the  clearance  to  the  furnace  at  con- 
stant volume,  and  then  expanded  along 
an  adiabatic,  after  which  it  is  transferred 
with  decrease  in  temperature  from  the 
furnace  to  the  clearance,  and,  lastly,  it  is 
compressed  along  an  adiabatic  to  its 
initial  condition. 

Disregard  the  work  stored  and  re- 
stored by  the  cushion  air,  which  will 
have  no  effect  upon  the  final  result,  and 
let  the  subscripts  1,  2,  3,  4,  designate  the 
successive  states  above  described,  then 


is  the  heat  imparted  to  a  unit  of  weight 
of  air  in  raising  its  temperature  from  t1 
to  *„  and  h3-h=Jcv  (*,-0  .  .  (189) 
is  the  heat  rejected  in  cooling  a  unit  of 
air  from  t3  to  tA. 

But  since  the  second  and  fourth  opera- 
tions are  adiabatic,  and  also 


=  y„,     and 


v=v 


by  (129) 


i=  (£&= fafL  tv4'= teY£=^ 

\    \pj       W      W      w       K 

.     .     .     (190) 


e= 


by  (190), 


(*,-p-(<.-p 


t. 


t. 


(191) 


from  which  it  appears  that  the  efficiency 
of  this  cycle  is  the  same  as  that  found  in 
(174),  viz:  that  of  a  perfect  engine  work- 
ing between  the  temperatures  of  the 
beginning  and  end  of  the  expansion. 

If  a  regenerator  be  applied  to  an 
engine  working  in  this  cycle  the  effi- 
ciency will  be  found,  just  as  in  (179),  to 
be 

e=t^=^«  .  .  .   (192) 


t. 


L 


By  comparing  the  cycle  discussed  in  art. 
33  with  this,  it  appears  that  this  has  the 
advantage  of  performing  the  same  work 
with  a  smaller  working  cylinder  than 
that, 

2°.  Let  the  working  air  be  received 
into  and  discharged  from  the  furnace  at 
a  pair  of  constant  volumes,  as  just  con- 
sidered, but  let  the  expansion  and  the 
compression  be  each  isothermal  instead 
of  adiabatic.  Let  the  temperature  of  the 
source  be  tn_  and  that  of  the  regenerator  t1 

then,  Jcv  (ts —t1)  +  kp  t2  loge  r  .  (193) 
and,  ky^—t^+kp^loger    .     (194) 

are  respectively  the  total  heat  imparted 
and  the  total  heat  rejected. 

.     (195) 


L  + 


t—t. 


by  (59),         h-k^Jc^t-^) 


(188) 


n  loge  r 

is  the  efficiency  of  this  circle,  which  is 
somewhat  greater  than  that  of  the 
isothermal  expansion  whose  value  is 
expressed  by  (185).  It  likewise  has  the 
advantage  of  a  smaller  working  cylinder. 
If   a   regenerator   be   applied   to   this 
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engine,  the  heat  stored  in  the  third 
operation  is  restored  during  the  first 
operation,  and  the  cycle  becomes  one  of 
perfect  efficiency  between  the  tempera- 
tures t2  and  £,. 

The  same  difficulties  are  in  the  way  of 
our  knowing  the  precise  cycle  of  Stir- 
ling's engine  as  of  Ericsson's.  The 
working  air  has  an  expansion  intermedi- 
ate between  an  isothermal  and  an  adia- 
batic.  "Which  engine  is  theoretically 
more  advantageous  in  form,  Stirling's  or 
Ericsson's,  in  case  each  uses  the  same  air 
continuously  is  largely  a  matter  of  the 
arrangement  of  the  furnace  for  heating 
the  air,  with  the  advantage  apparently  a 
little  in  favor  of  Stirling's  engine.  As 
has  been  before  remarked,  in  such  &  sys- 
tem, the  confined  air  shordd  by  at  a  high 
pressure,  even  at  its  greatest  expansion, 
in  order  that  the  cylinder  may  be  small. 
Furthermore,  Stirling's  engine  cannot 
(as  Ericsson's  can)  make  the  atmosphere 
its  refrigerator.  The  same  considera- 
tions apply  to  the  conduction  and  radia- 
tion in  the  regenerator  of  Stirling's 
engine  which  have  been  previously 
adduced  in  regard  to  that  of  Ericsson's 
engine. 

An  interesting  and  valuable  discussion 
of  these  and  other  air  engines  may  be 
found  in  six  articles  published  in  Engi- 
neering, Vol.  XIX  (January  to  July, 
1875),  hi  which  it  is  shown  that  the  prac- 
tical difficulties  of  construction  were 
more  of  them  overcome  in  Stirling's  en- 
gine than  in  any  other;  the  principal  re- 
maining difficulty  having  been  the  great 
h.eat  to  which  the  furnace  was  exposed 
which  soon  destroyed  it.  Yet  if  this  can 
be  remedied  without  its  being  necessary 
to  decrease  the  temperature  of  the  fur- 
nace, the  ultimate  superiority  of  air 
engines  over  steam  engines,  will  be 
thereby  rendered  almost  certain, 
since  any  such  high  temperature  is 
not  to  be  thought  of  hi  a  steam  engine 
by  reason  of  the  great  pressure  which 
necessarily  accompanies  it,  but  in  an  air 
engine  the  pressure  at  any  temperature 
is  a  matter  entirely  within  control.  An- 
other difficulty  inherent  in  all  air  engines 
is  the  rise  of  temperature  which  occnrs 
when  the  engine  is  temporarily  stopped 
without  stopping  the  fire. 
.  37.  Transmission  of  Power  by  Com- 
pressed Air. — If  air  be  drawn  from  the 
atmosphere  at  an  initial  state  expressed 


by  Pi  vl  t,  and  be  driven  by  a  compressing 
pump  into  a  receiver  in  which  its  state  is 
Pi  vi  ttf  ^  *H  a^  -^rs^  compressed  from 
px  to  p^  and  then  driven  at  pressure  p^ 
into  the  receiver.  The  work  performed 
during  both  these  operations  will  depend 
upon  the  kind  of  compression  adiabatic, 
isothermal  or  otherwise,  through  which 
the  air  passes,  during  the  first  operation. 
The  expression  for  the  total  work  per- 
formed in  forcing  a  unit  of  air  into  the 
receiver  is 


w=p2vi 


-plv1—/    pdv 


(196) 


in  which  the  integral  of  — pdv  is  the 
work  of  compression,  during  the  first 
operation,  pa  o9  is  the  work  during  the 
second  operation,  and  px  vx  is  the  assist- 
ance experienced  by  reason  of  the  press- 
ure of  the  external  atmosphere. 

1°.  If  the  compression  is  adiabatic  we 
can  reduce  (196)  by  means  of  (109),  (129) 
and  (135),  as  in  art.  26,  to  the  form 


,.»«=2%-l)  . 

n-1 


dt 


(197) 


in  which  r  has  the  value  given  in  (186) 
and  can  be  expressed  by  (135)  in  terms 
of  temperatures,  specific  pressiu-es  or 
volumes. 

2°.  If  the  compression  is  isothermal 
we  have,  by  (109) 

2w=p1v=p2v.=ct1    .     .     .     (198) 

by  means  of  which  (196)  reduces  to 

adv 


/Hlv 
1  v 


V      —ct 
■■ctloge^=—^loger 

\     .     .     (199) 

in  which  r  has  the  value  given  in  (186). 
but  not  that  given  in  (135).  The  air 
after  compression  is  conveyed  in  pipes 
to  a  distant  point  and  there  made  to 
drive  a  piston. 

3°.  In  case  the  air  expands  adiabatically. 
the  total  work  done  per  unit  of  ah-  in  ex- 
panding from  the  state  3  to  the  state  1 : 
when  found  by  a  process  like  that  em- 
ployed in  obtaining  (197)  will  be 


«V  =  — s(l-r') 


(200) 


in  which  fs  is  the  temperature  before  ex- 
pansion, and 
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H3f 


(201) 


which  can  also  be  expressed  as  in  (135),  in 
terms  of  pressures  or  temperatures.  Such 
an  expansion  can  be  practically  effected 
only  by  heating  the  air  before  expansion, 
for  by  reason  of  the  intense  cold  produced 
the  vapor  of  "water  which  is  always  found 
in  air  is  congealed  and  so  closes  the  valves, 
ports,  etc. 

4°.  In  case  the  expansion  is  isothermal, 
the  total  work  performed  will  be 

by  (199),        Wi'=cts  loge  l3=^±  loge  r' 

.     .     (202) 

in  which  the  expansion  is  from  the  state 
3  to  4,  and  r'  is  to  be  found  from  (201). 
In  this  case  heat  must  be  imparted  to  the 
air  during  the  expansion. 

5°.  When  the  air  is  used  without  ex- 
pansion and  at  full  pressure,  the  total 
work  performed  per  unit  of  air  will  be 

w'={p-2\)vz    •     •     (203) 

38.  Efficiency  of  Compressed  Air. — 
Either  adiabatic  or  isothermal  compress- 
ion may  be  employed,  and  then  the  air 
used  in  combination  with  adiabatic  or 
isothermal  expansion  or  with  no  expan- 
sion as  in  (203).  The  efficiency  of  these 
combinations  are  as  follows: 

1°.  When  adiabatic  compression  is 
combined  with  adiabatic  expansion, 


2°.  When  the  compression  is  adiabatic 
and  the  expansion  isothermal,  heat  must 
be  supplied  during  expansion  to  an 
amount  expressed,  as  in  (182), 

by        t^-e^^loger'     .     (207) 

which   is   the   same  as   (202)    the  work 
done. 

t3  loge  r' 


by  (197)  and  (200) 


(204) 


in  which  t3  the  temperature  just  before 
expansion,  would  usually  if  no  artificial 
means  were  employed  heat  the  air,  be 
nearly  equal  to  to  tx  the  initial  tempera- 
ture of  the  air.  As  before  explained, 
such  expansion  is  impracticable  for  air 
containing  moisture. 

If,  however,  heat  be  artificially  sup- 
plied just  before  expansion  to  raise  the 
temperature  of  the  air  from  the  normal 
temperature  tx  to  the  same  temperature 
ta,  the  amount  supplied  will  be 


e= 


^(r-l)  +  ^3loger' 


(208) 


3°.  In  case  the  compression  is  adia- 
batic and  the  air  is  used  at  full  pressure, 
the  efficiency  is  found  by  dividing  (203) 
by  (197). 

4°.  When  isothermal  compression  is 
combined  with  adiabatic  expansion  by 
(199),  (200)  and  (205) 


nt3(l-r') 


»(*,-*,H,  lo&  r 


(209) 


when  the  air  is  artificially  raised  from  tz 
to  t3  before  expansion. 

5°.  When  isothermal  compression  isj 
combined  with  isothermal  expansion  by 
(199),  (202)  and  (207) 

e=       ,    f»y, .     (210) 

nt3  \oger-t1  \oge  r 

6°.  The  efficiency  of  isothermal  com- 
pression combined  with  no  expansion  is 
found  by  dividing  (203)  by  (199). 

When  £s=£2=«l3  and  p3=p%,  by  help  of 
(198)  we  find  the  efficiency  in  this  case 
to  be 


£  = 


loge- 


.     (211) 


Civ 


(205) 


hence  if  this  be  regarded  as  part  of  the 
exiDenditure  of  energy  the  efficiency  be- 
comes   -      .     . 

e=-/*{}-r,)     -   .    .     (206) 


The  compressors  in  use  permit  a  rise 
of  temperature  more  or  less  great.  The 
compression  may  be  with  sufficient  cor- 
rectness for  practical  purposes  be  taken 
to  consist  of  two  parts,  of  which  the  first 
part  is  adiabatic  and  involves  the  rise  of 
temperature,  and  the  second  part  is  iso- 
thermal. The  work  performed  in  this 
case  is  found  at  once  from  (197)  and 
(198).  The  circumstances  under  which 
compressed  air  is  employed  do  not 
usually  permit  heat  to  be  imparted  to  it 
just  before  or  during  expansion,  hence  it 
is  used  either  at  full  pressure  or  with  a 
comparatively  small  ratio  of  expansion. 
This  expansion,  owing  to  the  conductivity 
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of  the  cylinder,  etc.,  is  not  adiabatic, 
neither  is  it  isothermal,  but  between  the 
two.  The  heat  thus  derived  from  ex- 
ternal sources  contributes  to  the  useful 
effect  and  renders  that  effect  greater  than 
expressed  in  (200).  Zahner*  has  recently 
made  a  valuable  practical  discussion  of 
this  subject. 


Errata. — In  art.  15,  write  the  equation 
following  (26)  thus, 

/2  />2 

dh=  I    tele 

In  (130)  put   +   for  -. 

<"«*-(*),*-&■.'■ 
w  **  '©.«-  (I); 

Figs.  2,  3  and  4,  which  were  accident- 
ally omitted  from  arts.  15,  20  and  26  re- 
spectively, are  here  inserted. 


In 


In 


*  Transmission  of  Compressed  Air. 
M.  E.    New  York  :  D.  Van  Nostrand. 


Robert  Zahner, 
1879. 


SUBMARINE  TELEPHONING. 

By  CHAS.  WARD  RAYMOND,  C.E.,  Junior  of  the  Society. 
Transactions  of  American  Society  of  Civil  Engineers. 


A  means  of  communication,  direct  and 
at  the  same  time  easy  and  reliable,  is 
and  has  been  a  great  desideratum  by 
those  engaged  in  submarine  work.  The 
method  of  signaling  now  employed,  by 
jerking  upon  the  life-line,  although,  per- 
haps, sufficient  for  ordinary  work,  is,  at 
the  best,  deficient  in  rapidity  and  reli- 
ability ;  and  where  the  work  is  of  such 
a  nature  that  a  word  cannot  express  that 


which  the  diver  would  report  to  those 
above,  it  becomes  necessary,  in  order  to 
facilitate  the  work,  that  some  other 
means  be  adopted. 

Several  attempts  have  been  made  in 
this  direction,  but  none  of  them  resulted 
satisfactorily.  One  may  be  mentioned 
which  consisted  in  introducing  into  the 
air-supply  circuit  an  air-tight  chamber, 
sufficiently  large  to  admit  a  person,  com- 
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inunication  being  kept  up  with  the  diver 
through  the  air-hose,  by  the  assistant  in 
the  box  or  air-tight  chamber. 

It  has  been  reserved  for  the  telephone 
to  solve  the  problem,  and  by  the  use  of 
this  instrument  it  has  been  already  ac- 
complished by  several  engineers,  with 
favorable  results. 

Experiments  were  begun  by  the  writer 
.  about  September  1st,  1878,*  to  test  the 
practicability  and  utility  of  the  telephone 
in  the  submarine  work  in  connection 
wdth  the  construction  of  the  bulkhead 
wall,  now  being  built  by  the  Department 
of  Docks  of  this  city. 

The  instruments  used  at  first  were  two 
*l  Phelps'  Duplex"  telephones,  loaned  for 
the  experiments  by  the  Gold  and  Stock 
Telegraph  Company,  through  the  cour- 
tesy of  Geo.  B.  Scott,  Esq.,  Supt. 

The  "Phelps"  telephone  is  peculiarly 
adapted  for  this  purpose  on  account  of 
its  shape  and  size.  It  is  oval  and  flat,  5 
inches  by  2^  inches,  and  f  inch  in  thick- 
ness (12.7x6.35x1.59  c.  m.'). 

One  telephone  was  placed  in  the  diver's 
helmet,  and  fastened  in  such  a  position 
that,  by  simply  turning  his  head,  the 
diver  could  place  his  mouth  or  his  ear  to 
the  instrument.  The  other  telephone 
was  placed  on  the  scow  which  carried  the 
air-pump  and  diver's  helpers. 

The  connecting  wires  were  insulated 
(double-covered  paraffined  office  wire, 
^No.  18)  and  passed  through  the  air-hose. 
Beginning  at  the  helmet  telephone,  the 
two  wires  pass  from  it  through  a  small 
opening  made  in  the  fan-shaped  air-dis- 
tributor in  the  back  of  the  helmet,  the 
hole  being  bushed,  to  prevent  wearing 
the  covering  of  the  wires;  passing  into 
the  hose,  and  through  the  hose  until 
they  reach  the  couplings  at  which  con- 
nection is  made  with  the  upper  telephone. 
Two  couplings,  separated  by  about  one 
foot  of  hose,  are  inserted  in  the  hose,  at 
a  convenient  distance  from  the  air- 
pump,  in  this  case  about  15  feet.  To 
the  inside  of  each  coupling  is  soldered  a 
copper  wire,  to  which  the  insulated 
wires  from  the  helmet  are  fastened.  A 
binding  screw  is  fastened  to  the  outside 
of  each  coupling  into  which  the  wires 
from  the  upper  telephone  are  inserted, 
thus  completing  the  circuit. 

*Theidea  was  conceived  in  March,  1878,  but  opportu- 
nity to  carry  out  the  experiments  was  not  afforded  until 
September. 


This  was  found  to  work  very  well  so 
far  as  communication  from  the  diver  to 
his  helper  was  concerned,  but  in  the  con- 
trary direction  it  was  by  no  means  satis- 
factory, as  it  was  found  necessary  by  the 
diver,  when  he  wanted  to  hear,  to  stop 
the  escape  of  air  from  the  helmet  into 
the  water,  which  bubbled  so  as  to  inter- 
fere with  his  hearing. 

This  stopping  the  escape  of  air  is  done 
by  the  diver  stooping  over,  thereby  al- 
lowing the  air  to  fill  the  diver's  dress, 
and,  of  course,  affords  only  temporary 
relief. 

To  remedy  this  as  far  as  possible,  a 
cloth  tube,  about  6  inches  in  length,  and 
of  about  the  same  diameter  as  the  escape 
valve-cap,  was  fastened  by  one  end  over 
the  escape,  leaving  the  other  end  free. 
This  gave  better  results,  but  still  not 
satisfactory. 

It  was  then  decided  to  try  an  "Edison 
Carbon  Transmitter,"  which  is  a  form  of 
microphone,  and  intensifies,  or,  more 
properly,  increases  the  volume  of  the 
sound.  This  necessitated  the  addition 
of  an  induction  coil  and  one  cell  of  bat- 
tery; in  this  case  a  "Gravity"  battery 
was  used,  the  arrangement  of  wires  and 
telephones  remaining  the  same. 

The  action  of  the  carbon  transmitter 
is  quite  simple,  and  on  the  principle  al- 
ready established,  that  the  secondary  or 
induced  current  possesses  a  high  degree 
of  intensity,  this  new  arrangement  re- 
sulted in  the  perfect  success  of  the  ex- 
periment. Conversation  was  carried  on 
with  the  utmost  facility ;  it  was  not  neces- 
sary to  give  the  diver  any  signal  other 
than  a  simple  "hallo!"  It  was  also 
found  that  the  diver  could  talk  in  the 
helmet  without  putting  his  mouth  to  the 
instrument  and  be  heard  plainly,  and 
therefore  he  could  continue  his  work 
and  conversation  at  the  same  time. 

The  battery,  induction  coil  and  trans- 
mitter were  placed  on  a  shelf  on  the  div- 
er's scow,  and  together  occupied  no  more 
room  than  would  a  Webster's  Unabridged 
Dictionary;  the  telephone  in  the  helmet 
occupied  but  little  room,  and,  of  course, 
was  not  at  all  in  the  way. 

The  practicability  of  the  telephone  for 
this  purpose  was  thus  definitely  settled. 
These  experiments  were  conducted  in 
depths  varying  from  0  to  30  feet  without 
any  perceptible  variation  in  effect. 

It  has  been  reported  to  the  writer  that 
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at  a  depth  of  50  feet  the  telephone  failed. 
I  do  not  know  what  the  conditions  were, 
but,  should  any  difficulty  be  met  with  at 
that  or  at  greater  depths,  it  can  be  easily 
remedied  by  using  a  second  transmitter, 
placing  it  in  the  helmet  on  the  opposite 
.side  from  the  telephone,  and  connecting 
it  with  its  own  battery  and  induction 
coil — placed  on  deck — by  two  extra  wires 
running  through  the  hose  to  two  extra 
couplings.  These  four  wires  may  be 
small  in  size  and  occupy  no  more  space 
in  the  hose  than  did  the  two  previously 
used. 

I  feel  safe  in  asserting  that  telephones 
thus  arranged  can  be  used  at  as  great  a 
depth  as  a  diver  can  work,  if  not  at  a 
greater  one. 

It  may  not  be  out  of  place  here  to 
mention  a  fact,  as  curious  as  it  is  novel, 
which  was  told  the  writer  by  Messrs.  F. 
Collingwood  and  W.  H.  Paine,  Assistant 
Engineers  of  the  New  York  and  Brooklyn 
Bridge,  that  attempts  to  signal  by  whis- 
tling, with  the  mouth  or  fingers,  were  a 
decided  failure  in  the  caisson  when  at  a 
depth  of  about  44  feet.  This  may  possi- 
bly be  explained  on  the  supposition  that, 
under  a  pressure  of  2^  atmospheres,  it 
might  be  necessary  to  change  the  relative 
position  of  the  fingers  and  tongue  to 
produce  the  sound,  which  practice  in  the 
ordinary  condition  of  the  atmosphere 
enables  us  to  produce.  And,  also,  that 
in  whistling  in  a  dense  medium  a  resist- 
ance is  met  with  which  is  not  favorable 
to  the  production  of  the  sound,  but 
which,  when  produced,  is  conducted  with 
greater  rapidity,  and  consequently  is 
heard  more  distinctly.  From  this  it  may 
safely  be  concluded  that  where  the  diver 
can  speak  the  telephone  will  transmit  the 
sound.  As  to  his  being  able  to5  hear  at 
that  depth  there  is  no  doubt. 

As  regards  the  utility  of  the  telephone 
in  submarine  works,  so  short  a  time  has 
elapsed  since  its  introduction  into  this 
Department  that  no  conclusions  can  be 
drawn  other  than  would  naturally  present 
themselves  to  the  intelligent  mind. 

Much,  of  course,  depends  on  the  nature 
of  the  works  upon  which  the  diver  is  em- 
ployed. In  extended  general  examina- 
tions, where  the  diver  has  much  to  report, 
and  where  any  delay  would  be  inexpedi- 
ent, its  utility  would  best  be  appreciated. 

Mr.  Francis  H.  Fisher,  Assistant  En- 
gineer to  Mr.  Edward  S.   Philbrick,   on 


the  heavy  sea  wall,  in  Boston  harbor,  has 
kindly  furnished  me  with  the  results  of 
his  employment  of  the  telephone. 

He  made  use,  finally,  of  but  one  wire, 
which  was  wound  spirally  around  the  out- 
side of  the  air-hose,  and  both  hose  and 
wire  then  wrapped  with  canvas,  to  pro- 
tect the  insulated  wire  from  injury.  The 
circuit  was  completed  by  attaching  one 
wire  to  the  helmet  and  the  other  end  to 
a  copper  plate  suspended  in  the  water 
from  the  bottom  of  the  scow".  A  slight 
objection  to  this  arrangement  may  be 
that  communication  can  only  be  kept  up 
with  the  diver  so  long  as  the  helmet  is  in 
the  water,  and  that  where  the  wire  passes 
from  the  outside  through  the  helmet,  the 
opening  must  be  insulated  and  air-tight ; 
the  wire  is  apt  to  become  loose  and  its 
insulation  destroyed.  I  think  the  method, 
herein  described,  of  passing  the  wire 
through  the  hose,  much  the  better  way. 
In  this  case,  two  wires  form  the  circuit, 
are  entirely  out  of  the  way,  are  protected 
by  the  hose  itself,  and  no  other  insula- 
tion than  being  covered  is  necessary. 
The  circuit  is  thus  always  complete, 
whether  the  helmet  is  under  or  above 
water,  as  frequently  happens  in  shallow 
water. 

Mr.  Fisher  testifies  to  the  utility  of 
the  telephone  in  saying:  "The  necessity 
of  using  the  telephone  arose  in  providing 
for  a  thorough  examination  of  the  ma- 
sonry in  the  face  of  the  sea  wall,  below 
water,  in  which  it  was  necessary  to  record 
the  dimensions  and  positions  of  the 
joints  around  each  stone  for  some 
courses  throughout  the  wall.  The  ac- 
complishment of  this  would  have  been 
impracticable,  if  not  impossible,  had  the 
diver  been  obliged  to  come  Tip  to  report ; 
but  with  the  telephone  it  was  made  in 
every  way  successful."  Mr.  Fisher  used 
a  compact  form  of  the  Bell  Telephone. 

From  these  and  other  experiments,  we 
believe  that  submarine  operations  can  be 
relieved  of  much  expense,  both  of  time 
and  labor,  by  the  use  of  the  telephone. 
And  much  submarine  work,  heretofore 
considered  impracticable,  can  now  be  car- 
ried on  with  facility  and  expedition.  In 
the  caisson  and  in  the  mine  its  value 
would  be  great,  especially  so  in  the  lat- 
ter, where,  should  one  portion  of  the 
mine,  by  an  accident,  be  shut  off  from 
the  rest,  eonmmnication  by  the  telephone 
might  be  preserved. 
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THE  TURBINE  WHEEL  DISCUSSION. 

A    REPLY   TO   PROF.   BURR'S    ARTICLE. 

By  Trof.  W.  P.  TROWBRIDGE,  Columbia  College. 
Written  for  Van  Nostrand's  Engineering  Magazine. 


Professor  Burr's  criticisms  of  my  arti- 
cle on  Turbine  Wheels  in  the  last  number 
of  your  Magazine  are  prompted,  doubt- 
less, by  a  desire  on  his  part  to  remove 
the  "impressions  of  a  very  erroneous 
character,"  which,  according  to  him,  my 
article  is  "likely  to  produce." 

In  his  discussion  he  assumes  that  I 
have  misunderstood  the  investigations  of 
Bresse,  Rankine  and  Weisbach,  and  ac- 
cordingly supplies  his  own  interpretations 
of  the  views  held  by  these  authors  on 
the  question  of  impact.  At  the  same 
time  misinterpreting  my  article  on  the 
same  subject,  in  such  a  way  that,  like 
Buttercup  in  the  play,  he  "mixes  us  all 
up." 

He  intimates  that  I  regard  shock  as  of 
no  importance,  while  the  authors  referred 
to,  although  "they  said"  it  didn't  mean 
it ;  or,  to  speak  more  plainly,  although 
they  "say"  that  impulse  must  be  avoided, 
yet  in  their  final  results  it  is  quite  ig- 
nored. 

Although  Professor  Burr's  statements 
on  this  matter  are  somewhat  confused, 
yet  when  carefully  scrutinized  they 
amount  to  this,  when  taken  in  connection 
with  the  matters  of  fact  to  which  they 
relate. 

That  when  the  conditions  of  a  mechani- 
cal problem  are  laid  down  and  expressed 
mathematically,  the  result  of  combining 
the  mathematical  expressions  may  be  and 
is  in  this  case  to  eliminate  the  conditions 
on  which  they  were  founded  from  the 
final  result.  A  remarkable  proposition, 
new  to  mathematics,  new  to  mechanics, 
in  fact,  new  to  science. 

That  Professor  Burr  does  actually 
maintain  such  a  proposition  in  his  paper 
(unconsciously  of  course),  and  considers 
it  the  lever  by  which  he  overturns  my 
article,  I  propose  to  demonstrate. 

Professor  Burr  admits  that  the  authors, 
above  mentioned,  lay  down  a  certain  me- 
chanical axiom  as  a  condition  essential 
to  the  best  construction  and  working  of 
a  Turbine  wheel ;  but  he  says  that  in 
their  final  expressions  for  efficiency  there 


is  nothing  whatever  depending  on  such 
axiom  or  mechanical  condition.  This 
question  is  one  of  facts,  not  of  opinions, 
and  I  shall  show  that  these  authors  do 
lay  down  such  an  axiom,  as  stated  in  my 
paper ;  but  as  to  the  last  assertion  that 
that  condition  is  finally  eliminated  the 
facts  are  against  Professor  Burr. 

indeed  it  might  be  at  once  taken  for 
granted  that  such  eminent  mathemati- 
cians, as  those  above  mentioned,  would 
not  lay  such  stress  upon  a  particular 
mechanical  condition  as  to  insert  it  as  a 
mathematical  condition,  and  then  proceed 
to  eliminate  it  altogether.  I  propose  to 
show  that  they  were  not  guilty  of  any 
such  folly. 

I  will  first  make  quotations  from  Prof. 
Burr's  paper  for  reference,  and  then  en- 
deavor to  point  out  the  fallacies  of  his 
deductions. 

He  states  that  my  "  objection  seems  to 
be  that  Weisbach,  Rankine  and  others 
'  insist '  that  for  the  best  performance  of 
a  wheel  the  water  shall  enter  without 
shock :"  while  I  hold  "  that  an  equal  effi- 
ciency, at  least,  may  be  attained  if  the 
relative  velocity  be  not  tangent  to  the 
buckets  at  the  point  of  entrance  to  the 
wheel."  I  do  not  "  object  "  to  the  authors 
named  insisting  on  the  principle  that  the 
water  must  enter  the  wheel  without 
"  shock."  On  the  contrary,  in  discussing 
the  reaction  wheel,  I  show  that  this  is 
as  it  should  be  an  essential  feature  of 
the  Fourneyron  reaction  icheel.  What  I 
do  endeavor  to  demonstrate  is  that  this 
leading  axiom,  which  all  of  the  authors 
named  impose  in  advance  upon  their  dis- 
cussions limits  these  discussions  to  the 
reaction  wheel. 

In  regard  to  the  last  part  of  the  para- 
graph, "  while  he  (I)  holds  that  an  equal 
efficiency,  at  least,  may  be  obtained,  if  the 
relative  velocity  be  not  tangential  to  the 
buckets  at  the  point  of  entrance  to  the 
wheel.  In  other  words,  if  the  resistances 
be  left  out  of  consideration,  it  is  a  mat- 
ter of  no  importance  whether  there  is  or 
is  not  shock."     Professor  Burr  must  have 
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read  my  article  hastily  or  lie  would  not 
have  received  this  "  erroneous  impres- 
sion." 

He  will  find,  I  think,  that  so  far  from 
regarding  shock  as  a  matter  of  "  no  im- 
portance," it  is  one  of  the  chief  causes  of 
efficiency  and  work  in  Impulse-and-Re- 
action  Wheels.  Shock,  impact  and  im- 
pulse, being  in  the  sense  in  which  we  are 
using  these  words  synonymous.  That 
these  words  are  synonymous  in  the  dis- 
cussions of  Bresse,  Weisbach  and  Ran- 
Mne  I  will  presently  show. 

But  I  will  follow  Professor  Burr  a  little 
further,  first,  on  the  same  subject. 

He  says:  "Now  if  the  consideration  of 
resistances  be  omitted,  and  if  shock  is  of 
no  consequence,  then  it  follows  that  a 
formula  for  curved  floats  ought  to  give 
precisely  the  same  result  whether  the 
relative  velocity  of  entrance  be  tangen- 
tial in  direction  or  not."  "In  fact  the 
formulae  of  Weisbach  show  this,  as  do 
also  those  of  Bresse  and  Rankine."  "In 
order  to  verify  this  statement  let  any  one 
turn  to  the  egressions  for  the  efficiency 
of  a  turbine  in  art.  260  of  Du  Bois's 
translation  of  Weisbach's  work  on  water 
wiieels,  eq.  21  of  art.  15  of  Mahan's 
translation  of  Bresse  on  Hydraulic  Mo- 
tors, and  equation  6,  art.  174  of  Rankine's 
"Steam  Engine  and  other  Prime  Mov- 
ers." 

"  In  no  one  of  these  expressions  is 
there  anything  found  depending  on  the 
angle  which  the  bucket  makes  toith  the 
circumference  of  the  wheel  at  the  point  of 
entrance."  Now  the  matter  of  shock  or 
no  shock  depe?ids  upon  that  angle,  and 
since  the  expressions  for  the  efficiency  do 
not  in  any  toise  depend  upon  such  a  value 
they  manifestly  are  not  based  upon  the 
theorem  or  axiom  that  the  "  water  must 
■enter  the  wheel  without  shock." 

I  have  made  this  long  quotation  in 
order  to  allow  the  authors  mentioned  to 
speak  for  themselves  afterwards  as  to 
their  meaning,  and  especially  as  to  the 
statement  that  "the  matter  of  shock 
or  no  shock  depends  upon  the  angle 
which  the  bucket  makes  with  the  circum- 
ference to  the  wheel  at  the  point  of  en- 
trance". 

Rankinesays:  "In  order  that  the  water 
may  work  to  the  best  advantage  it  must 
enter  the  wheel  without  shock  and  leave 
it  without  velocity •  for  which  purpose 
the  velocity  of  ichirl  on  first  entering  the 


vjheel  must  be  equal  to  that  of  the  first 
circumference  of  the  wheel*"  &c.  Here 
Rankine  says  nothing  about  the  angle  of 
the  blades,  but  he  does  lay  down  the 
axiom  that  the  water  must  in  no  case 
have  an  impulsive  effect  upon  the  wheel. 
Again,  page  196:  "  The  greatest  efficiency 
without  friction  is  altered,  as  has  been 
stated,  vjhen  v=ar.  (Heading  of  art.  175, 
Rankine.)  In  this  quotation  i'=the  tan- 
gential component  of  the  velocity  of  the 
water  and  ar  the  tangential  velocity  of 
the  wheel  where  the  water  impinges  upon 
it. 

No  reference  is  here  made  to  the  angle 
formed  by  the  blades  with  this  circumfer- 
ence, but  the  condition  above  quoted  is 
made  one  which  must  be  imposed  for  the 
maximum  efficiency. 

Let  us  now  refer  to  Bresse. 

The  following  figure  is  copied  from 
Mahan's  translation  of  Bresse : 


Fig.  I. 


0  is  the  center  of  motion  of  a  Fourneyron 
wheel.  AB  a  guide  blade.  BC  a  bucket. 
BU— m  the  velocity  of  the  inner  circum- 
ference of  the  wheel  at  B,  and  B V.  =  v 
the  velocity  of  the  entering  water.  BW 
=w  is  the  relative  velocity  of  entrance  to 
the  wheel,  CW'=io'  is  the  velocity  of 
exit  v'  the  absolute  velocity  of  exit  or 
the  lost  velocity. 

In  establishing  the  equations  from 
which,  with  other  equations,  his  expres- 
sions for  the  efficiency  is  derived, 
Bresse  makes  the  following  statement 
(see  Mahan's  translation  page  82). 
"  There  still  remains  to  express  two  con- 
ditions for  obtaining  the  best  effective 
delivery.  It  is  necessary  that  at  the 
point  B  (see  sketch)  that  w  {i.e.,  the  rela- 
tive velocity)  at  the  point  of  entrance  be 
directed  tangentially  to  the  jtfoctfs,"  and 
this  "axiom"  or  primary  condition  of 
the  problem  is  introduced  mathematically 
by  the  equation 

*  Rankine  "Steam  Engine  and  other  Piime  Mover*  " 
page  192. 
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Bin(0  +  /3) 

sin  p. 


(see  sketch  for  the  angles  6  and  /J). 

This  equation  of  condition  is  simply 
that  of  the  sines  of  the  angles  being  pro- 
l^ortional  to  the  opposite  sides. 

Bresse  thus  obtains  the  first  of  his  two 
"remaining  conditions,"  which  is  pre- 
cisely the  same  as  that  of  Rankine  above 
quoted.  It  mil  be  seen  from  the  sketch 
which  I  have  given,  as  well  as  from  the 
above  quotations,  that  the  question  of 
shock  or  no  shock  does  not  depend  upon 
the  angle  of  the  blades  alone,  but  upon 
the  condition  mentioned  by  Rankine,  that 
the  wheel  velocity  and  the  component  of 
the  water  velocity  in  the  same  direction 
shall  be  equal. 

For  Weisbach's  view  of  this  matter  we 
may  refer  to  DuBois'  translation  page 
399.  In  laying  down  the  theory  of  the 
Reaction  lurbine  one  of  the  first  condi- 
tions named  is  as  follows : 

"In  order  that  the  water  may  enter  the 
wheel  without  impact  this  velocity  v  (i.e., 
the  velocity  with  which  the  water  leaves 
the  guide  blades)  must  be  decomposed  into 
two  others,  of  which  the  first  must  coin 
cide  with  the  inner  velocity  u  (the  velocity 
of  the  inner  circumference  of  the  wheel) 
and  the  other  w  having  the  direction  of 
the  entering  water  in  the  wheel,"  we  have 
therefore  for  the  last, 

w*=vi+ui— 2uv  cos  /?. 

(The  notation  in  "Weisbach  has  been 
changed  to  correspond  with  that  of 
Bresse). 

Professor  Burr  states  that  the  question 
of  shock  or  no  shock  depends  upon  the 
angle  made  by  the  blades  with  the  cir- 
cumference at  the  point  of  entrance  of 
the  water,  and  that  angle  being  elimin- 
ated, the  condition  itself  of  shock  or  no 
shock  disappears  from  the  final  result. 

The  absurdity  of  the  assumption  will 
appear  in  a  stronger  light,  when  the 
expressions  for  efficiency  are  analyzed  to 
which  he  refers  your  readers. 

That  of  Bresse  is 

y/a 

e=l— —  . 

This  expression  it  will  be  seen  con- 
tains the  expression  for  the  lost  velocity 
V,  which  depends  directly  upon  the 
relative  velocity  of  entrance  w,  and  the 


latter  depends  directly  upon  the  angle, 
which  Professor  Burr  says,  does  not 
appear  in  the  expression  for  the  effi- 
ciency. It  is  true  that  it  does  not 
appear  in  the  sense  that  its  symbol  can 
be  seen,  but  nevertheless  it  is  there  in- 
volved, and  will  not  "out"„at  any  one's 
bidding,  and  it  is  mathematically  absurd 
to  say  that  its  influence  has  been  elimin- 
ated. 

Professor  Burr  cannot  dispute  these 
facts  if  he  will  read  more  attentively 
what  Bresse  and  Weisbach  have  to  say 
on  the  subject. 

Weisbach  expressly  states  that  "the 
exit  velocity  upon  which  the  lost  velocity 
directly  depends,  depends  on  the  entrance 
velocity,  and  Bresse  states  expressly  that 
the  angle  fi  to  which  Professor  Burr 
alludes  should  not  be  too  acute  because  it 
would  increase  the  entrance  velocity. 

Professor  Burr  is  thus  absolutely  in 
the  wrong  when  he  states,  that  the  ques- 
tion of  "shock  or  no  shock"  depends 
only  upon  an  angle,  which  is  eliminated 
from  the  expression  for  efficiency.  The 
question  depends  upon  other  elements 
of  the  problem,  and  especially  upon  the 
relative  velocity  of  the  wheel  and  water, 
and  indeed  if  the  angle  referred  to  and 
the  direction  of  the  entering  water  to  be 
fixed  in  advance,  the  question  depends 
upon  the  equality  between  the  wheel 
velocity  and  the  component  velocity  of 
the  entering  water. 

By  reference  to  facts  I  have  shown 
that  he  is  quite  as  much  in  the  wrong  in 
asserting  that  the  expression  for  the  effi- 
ciency is  independent  of  the  angle  to 
which  he  so  often  refers. 

In  regard  to  the  expressions  for  the 
efficiency  of  turbine  wheels,  Professor 
Burr  lays  much  stress  upon  the  iden- 
tity of  my  formula  with  those  of  Bresse 
and  Rankine  (when  frictional  resistances 
are  left  out  of  consideration).  He  can- 
not be  ignorant  of  the  fact  that  these 
formulas  have  nothing  to  do  with  the 
theory  of  turbine  wheels  as  far  as  form 
is  concerned,  any  more  than  they  are 
the  formulas  for  efficiency  of  the  steam 
engine  or  any  other  motor  employing 
energy.     The  universal  formula  for  effi- 

W 


ciency  of  all  motors  is  «==!- 


W 


Wr  rep- 


resenting the  energy  lost,  and  W  being 
the  whole  disposable  energy. 
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In  the  case  of  heat  engines  this  takes 
the  form 

T 

In  the  case  of  a  fly-wheel  doing  work 
Jl 

In  the   case   of  water   acting   by  its 
weight 

E=l-A 


E  =  l-; 


In  the  case  of  a  propeller 

E  =  l-_,  &c,  &c. 

*         S 

The  efficiency  depending,  with  a  given 
quantity  of  disposable  energy,  upon  im- 
posing such  conditions  upon  the  motor 
that  the  energy  lost,  represented  by  the 
numerator  in  the  second  member,  shall 
be  a  minimum. 

In  my  paper  on  Turbines,  I  endeavored 
to  show  that  Bresse,  Weisbach  and  Ran- 
kine  have  imposed  such  conditions  upon 
the  motor  which  they  discuss  as  to  make 
it  a  reaction  wheel,  and  that  these  condi- 
tions do  not  apply  to  the  best  modern 
wheels,  introduced  by  Boyden  &  Francis, 
because  the  latter  are  w^i^se-and-reac- 
tion  wheels,  not  restricted  by  such  con- 
ditions. 

I  gave  for  the  first  time,  as  far  as  I  am 
aware,  the  theory  of  such  wheels,  and 
stated  that  if  Boyden  &  Francis  had  fol- 
lowed the  rules  laid  down  by  the  authors 
above  quoted,  they  would  not  have  im- 
proved the  old.  Fourneyron  wheel,  and 
would  not  have  produced  the  inward 
flow  wheels,  which  are  now  becoming  un- 
usual. 

In  regard  to  the  rules  laid  down  by 
Bresse  and  Weisbach,  applying  as  they 
do  to  purely  reaction  wheels,  they  advise 
that  the  entrance  angle  of  the  water 
should  be  nearly  45°. 

Bresse  says,  page  92  (Mahan's  Trans- 
lation), the  sum  2/3  +  6  shoidd  be  nearly 
180°,  and  6  should  be  nearly  90°.  This 
makes  ft  as  the  best  angle  45°. 

Weisbach,  in  applying  his  "arrange- 
ment," referred  to  by  Professor  Burr  as 
"an  admirable  arrangement,"  says  that 
the  entrance  angle  should  be  about  55° 
for  the  best  efficiency,  but,  because  the 
guide  blades  would  then  be  too  diverg- 
ent, he  thinks  it  better  to  make  the  en- 
trance angle  smaller.' 


Now,  in  some  of  the  best  modem 
wheels  this  angle  ft,  or  a  of  Weisbach.  is 
made  as  small  as  12°. 

Let  its  see  what  would  be  the  effect; 
with  this  small  angle,  of  enforcing  the 
condition  that  the  "velocity"  of  the 
wheel  must  be  equal  to  the  component 
of  the  velocity  of  the  water  in  the  same 
direction.  The  following  sketch  will 
illustrate  the  construction : 


Let  Vj  represent  the  velocity  of  the 
water  entering  at  an  angle  of  12°,  n  the 
velocity  of  the  wheel,  and  also  the  com- 
ponent of  the  velocity  of  the  water  in  the 
same  direction.  There  is  no  effect  from 
impact  or  impulse,  and  the  water  enters 
the  wheel  with  the  small  relative  velocity 
DC,  and  this  is  all  the  available  energy 
with  reference  to  this  wheel.  In  order 
that  it  may  leave  the  wheel  with  a  rela- 
tive velocity  equal  to  the  second  circum- 
ference, its  velocity  must  be  increased  by 
the  centrifugal  effect  of  the  convex  sur- 
face of  the  blade,  and  the  wheel  would 
actually  have  to  pump  out  the  water. 
With  this  small  angle  the  whole  energy 
of  the  water  is  made  effective  if  it  be  al- 
lowed to  act  by  impulse,  or,  in  other 
words,  if  the  velocity  of  the  wheel  at  its 
inner  circumference  be  less,  in  proper 
proportion,  than  the  component  velocity 
of  the  entering  water.  And  this  is  the 
law  of  the  Boyden  &  Francis  wheels? 
a  direct  violation  of  the  axioms  or  mathe- 
matical conditions  imposed  by  the  au- 
thors who  have  so  often  been  referred  to. 

In  regard  to  the  results  which  Pro- 
fessor Burr  obtains  from-  using  Weis- 
bach's  formula  for  the  efficacy  for  Francis' 
experiments,  he  must  use  certain  coeffi- 
cients, and  if  he  will  publish  those  co- 
efficients and  state  by  what  experiments 
they  were  derived,  as  especially  applica- 
ble to  Turbine  wheels,  he  will  furnish  in- 
formation which  I  for  one  would  be  glad 
to  obtain.     As  far  as  Weisbach' s  own  ex- 


376 


VAN    NOSTRAND's   ENGINEERING    MAGAZINE. 


amples  furnish  data,  I  consider  the  co- 
efficients mere  guess  work ;  there  is  one 
thing  especially  apparent  in  that  author's 
valuable  work  on  the  dynamics  of  fluids  ; 
viz.,  that  coefficients  of  resistance  under 
varying  conditions  are  exceedingly  varia- 
ble, and  when  such  coefficients  are  ap- 
plied to  unknown  conditions,  or  new  con- 
ditions, they  must  be  taken  with  great 
allowance,  in  fact  are  merely  approximate 
guesses. 

Now  it  was  shown  by  Francis  in  his 
experiments  that  a  variation  of  velocity 
of  forty  per  cent,  produced  a  variation 
of  efficiency  of  two  per  cent.  only. 

The  extreme  accuracy  of  Professor 
Burr's  deductions  is,  therefore,  suspici- 
ous. Not  that  Professor  Burr  would 
purposely  cook  the  results:  I  would  em- 
phatically disclaim  making  such  an  im- 
putation, but  that  other  results  could  be 
obtained  with  as  good  a  show  of  general 
accuracy  in  the  use  of  coefficients  I  have 
no  doubt. 

I  suppose  Professor  Burr  is  aware  of 
the  fact  that  Weisbach  rather  contemptu- 
ously doubted  the  correctness  of  Francis' 
experiments,  in  obtaining  some  of  his 
large  efficiencies,  and  that  author  surely 
ought  to  be  a  good  judge  of  the  applica- 
tions of  his  own  formulas. 

Professor  Burr  lays  much  stress  on 
the  "admirable  arrangement"  of  Weis- 
bach to  prevent  "leakage,"  as  Weisbach 
exjDresses  it,  between  the  wheel  and  the 
case. 

This  "admirable  arrangement"  consists, 
for  wheels  whose  buckets  are  radial,  sim- 
ply in  making  the  guide  blades  at  such  an 
angle  that  the  water  enters  the  wheel  at 
an  angle  of  45°  with  the  circumference. 
(See  Du  Bois'  translation  of  Weisbach, 
page  405.) 

Would  Professor  Burr  recommend  all 
Turbine  wheel  manufacturers  to  adopt 
this  "admirable  arrangement"  in  their 
constructions?  I  think  not;  I  hardly 
think  his  advice  would  be  adopted,  at  all 
events,  if  he  should. 

Finally,  I  must  correct  Professor  Burr 
in  another  important  point.  He  states 
that  I  regard  it  as  a  matter  of  indiffer- 
ence whether  there  be  shock  or  not.  He 
has  become  somewhat  confused  as  to  what 
the  authors  to  whom  he  clings  regard  as 
shock,  and  I  have  shown  conclusively 
their  own  interpretation  of  it,  viz.  im- 
pulse.    In  this  sense    my   paper   shows 


that  I  regard  shock  as  of  very  great  im- 
portance in  wheels  as  they  are  now  al- 
most universally  made  and  run. 

What  I  did  say  and  distinctly  conveyed 
, in  language  that  no  one  should  misinter- 
|  pret  was,  that  undue  importance  had 
been  attributed  to  shock  or  impulse  as 
to  its  effects  in  producing  the  disturbances 
which  it  was  the  object  of  the  old  authors 
to  avoid  by  their  restrictions.  That  in 
limiting  their  wheels  to  a  particular  class, 
and  the  best  wheels  even  to  an  excep- 
tional case  of  a  class,  they  had,  by  their 
rules,  shut  out  the  kind  of  practice  now 
in  vogue.  That  the  disturbances  which 
they  feared  were  not  so  great  as  had 
been  supposed. 

The  practical  confirmation  of  my  ideas 
in  this  respect  may  be  found  in  the  per- 
formances of  the  best  wheels  now  in  use, 
in  which  this  dreaded  but  very  useful 
shock  .exists  with  all  its  attendant  disad- 
vantages as  well  as  advantages. 

If  Professor  Burr  should  still  want 
further  instructive  evidence  of  the  effi- 
cacy of  impulse,  and  of  the  distinction 
which  Rankin  e  and  Weisbach  make  be- 
tween impulse  and  reaction,  I  would  refer 
him  to  those  pages  in  the  works  of  these 
authors  which  treat  of  the  impulse  and 
reaction  of  water  upon  vanes. 

In  my  paper  I  extended  their  theories 
to  Impulse  and  Reaction  Turbines,  while 
they  confined  their  discussions  of  tur- 
bines to  Reaction  Turbines.  I  was 
prompted  to  do  this  because  I  felt  that 
their  discussions  were  not  general 
enough  to  include  the  best  practice  of 
the  present  day. 

I  will  close  this  reply,  by  quoting  the 
well  deserved  tribute  to  Boyden  and 
Francis,  of  an  eminent  hydraulic  engi- 
neer, a  Frenchman  by  birth,  given  in  a 
recent  public  lecture.     He  says: 

"The  Turbine  on  the  Screen  is  an  ex- 
act copy  of  one  built  by  Fourneyron  him- 
self forty  years  ago.  *  *  *  Were  I  able  to 
give  you  on  the  same  screen  the  same 
class  of  turbines  as  constructed  by  Boy- 
den and  Francis,  you  could  not  avoid  ad- 
miration for  the  thoroughness  of  their 
researches  in  finding,  applying,  and  per- 
fecting curves,  and  for  the  mechanical 
appliances  whereby  the  water  is  divided 
and  prepared,  from  which  curves  and  ap- 
pliances were  derived  those  astounding 
results  of  the  total  efficiency  of  the  water 
power." 
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THE  METRIC  SYSTEM. 

REPORT  OF  THE  STANDING  COMMITTEE  ON  THE  METRIC  SYSTEM  OF 
WEIGHTS  AND  MEASURES,  AND  ACCOMPANYING  LETTERS,  PRE- 
SENTED AT  THE  ANNUAL  MEETING  OF  THE  BOSTON  SOCIETY  OF 
CIVIL   ENGINEERS,    MARCH   19,    1879. 

To  the  Hoston  Society  of  Civil  Engi- 
neers : 


The  standing-  committee  on  the  Metric 
System  of  Weights  and  Measures  request 
your  careful  consideration  of  two  sub- 
jects : 

The  first  is  the  familiar  theme  of  peti- 
tioning Congress.  Petitions  were  sent 
to  the  last  (the  45th)  Congress  by  the 
following  organizations  (and  possibly 
others)  besides  our  own  society : 

New  Jersey  State  Medical  Society ; 
New  Haven  Engineering  Society;  Cin- 
cinnati Society  of  Natural  History  ;  Medi- 
cal and  Chirurgical  Faculty  of  Maryland ; 
Society  of  Arte  of  the  Massachusetts  In- 
stitute of  Technology;  Boston  Society 
of  Medical  Sciences  ;  Boston  Society  for 
Medical  Observation. 

The  Ohio  Association  of  College  Offi- 
cers also  voted  to  memorialize  Congress. 

The  tenor  of  their  memorials  was  not 
precisely  the  same,  but  they  generally 
prayed  for  the  exclusive  use  of  the  metric 
system  in  various  branches  of  the  Gov- 
ernment service  after  some  future  date. 
The  New  Haven  Engineering  Society 
specified  the  Post-Office,  the  Custom- 
House,  the  Mint,  and  the  Engineer  Corj)s. 
A  week  ago,  in  New  York,  the  United 
States  Board  of  Trade  voted  that  the 
Government  be  recommended  to  put  the 
metric  system  into  practice  in  the  Post- 
Office  and  Custom  House. 

The  first  session  of  'the  45th  Congress 
opened  15th  October,  1877.  Our  last 
written  report  to  this  Society  was  pre- 
sented 17th  October,  1877;  and  the 
Society  that  evening  voted  to  memorialize 
Congress  for  the  passage  of  a  resolution 
inquiring  of  the  heads  of  the  Executive 
Departments  what  objections  there  are  to 
the  adoption  of  the  metric  system  in  the 
Government  business  and  in  private  trans- 
actions, and  how  long  a  time  should  be 
allowed  for  such  adoption,  the  same  re- 
solve, in  short,  which  had  been  proposed 
in  the  preceding  Congress  by  Hon.  Mil- 
ton Sayler,  of  Ohio,  but  had  not  been 
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acted  upon.  Mr.  Sayler  presented  our 
memorial  3d  November,  1877,  and  had  it 
printed  in  full  in  the  Congressional  Re- 
cord.  It  named  seventeen  organizations 
from  whom  we  had  received  assurances 
of  co-operation ;  among  them  were  the 
Engineers'  Club  of  St.  Louis,  and  the 
New  England  Association  of  Gas  Engi- 
neers. The  resolution  as  prayed  for  was 
promptly  passed  by  the  House  of  Repre- 
sentatives 6th  November,  1877,  and  re- 
plies thereto  were  made  about  a  year  ago 
by  twenty-four  Government  officers  of 
various  departments  and  bureaus.  Some 
presented  elaborate  reports;  some  brief 
and  specific  answers  to  the  inquiry ;  a 
few  stated  that  having  nothing  to  do  with 
weights  and  measures  they  were  not  in  a 
position  to  judge.  As  a  single  illustra- 
tion of  the  variety  of  opinion  that  has 
been  brought  out  it  may  be  mentioned 
that  the  Surgeon-General  of  the  Army 
thinks  the  adoption  of  the  metric  system 
would  be  fraught  with  grave  danger  to 
the  sick  soldiers ;  while,  on  the  other 
hand,  the  sick  sailors  are  now  being- 
dosed  according  to  it,  the  medical  pur- 
veyor's department  of  the  Marine  Hos- 
pital Service  having  actually  introduced 
it  last  year ;  and  it  is  believed  that  the 
health  of  the  Navy  has  not  suffered  in 
consequence. 

The  House  Committee  on  Coinage. 
Weights  and  Measures  having  digested 
these  various  reports,  has  printed  them 
and  many  other  documents  in  a  consider- 
able volume,  along  with  its  own  report 
presented  7th  January,  1879.  A  copy  is 
to-day  added  to  the  library  of  the  Society. 
In  a  speech  of  Hon.  Levi  Maish,  of  Penn- 
sylvania, printed  in  the  Congressional 
Record  for  8th  March,  1879,  occur  the 
following  sentences:  "I  introduced  a  bill 
in  Congress  making  the  use  of  the  metric 
system  obligatory  in  the  custom-houses 
and  post-offices  of  the  country.  The 
committee,  however,  thought  this  would 
be  too  great  a  stride  to  make  at  once 
toward  the  adoption  of  the  new  system." 
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Nevertheless,  the  report  just  now  men- 
tioned earnestly  recommends  the  early 
passage  of  Mr.  Maish's  said  bill. 

We  have  repeatedly  expressed  the 
opinion  that  it  rests  with  Congress  to 
take  action  upon  the  metric  system.  A 
deliberate  recommendation  has  now  been 
made  by  a  standing  committee  of  eleven 
members  headed  by  the  venerable  Alex- 
ander H.  Stephens,  after  a  full  presenta- 
tion of  the  facts ;  and  it  was  voted  that 
10,000  copies  should  be  printed ;  we 
think  their  recommendation  should  be 
acted  upon  by  this  Society.  Moreover, 
as  it  is  very  evident  that  the  complete 
introduction  of  the  metric  system  can 
only  be  accomplished  by  general  concur- 
rence, it  is  manifestly  reasonable  to  begin 
by  asking  the  largest  user  of  weights  and 
measures,  namely,  the  United  States 
Government,  to  join  in  the  movement. 

"We  submit  the  following  draft  of  a  new 
memorial : 

To  the  Hon.  the  Senate  and  the  House 
of  Representatives  of  the  United  States 
in  Congress  assembled: 

The  Boston  Society  of  Civil  Engineers 
respectfully  prays  that  in  accordance 
with  the  earnest  recommendation  of  the 
Committee  on  Coinage,  Weights  and 
Measures  of  the  House  of  Representa- 
tives, as  expressed  in  Report  No.  53,  45th 
Congress,  3d  Session  (p.  34),  it  may  be 
enacted  as  follows : 

Be  it  enacted  by  the  Senate  and  House 
of  Representatives  of  the  United  States 
of  America  in  Congress  assembled, 

Sec.  1.  That  on  and  after  July  first, 
eighteen  hundred  and  eighty-one,  for  all 
postal  purposes,  fifteen  grams  shall  be 
substituted  for  half  an  ounce,  and  so 
on  in  progression. 

Sec.  2.  That  on  or  before  July  first, 
eighteen  hundred  and  eighty-one,  the 
Postmaster-General  shall  furnish  all  post- 
offices  with  postal  balances  denominated 
in  grams  of  the  metric  system,  at  an  ex- 
pense not  exceeding  fifty  thousand  dol- 
lars, which  sum  is  hereby  appropriated, 
or  so  much  thereof  as  may  be  necessary 
for  this  purpose. 

Sec.  3.  That  on  and  after  July  first, 
eighteen  hundred  and  eighty-one,  the 
metric  system  of  weights  and  measures, 
as  legalized  in  section  thirty-five  hundred 
and  sixty-nine  of  the  Revised  Statutes, 
shall  be  obligatory  in  the  assessment  of 


duties  on  imported  commodities  in  the 
custom-houses  of  the  United  States. 

Section  3,569  of  the.Hevised  /Statutes, 
is  the  law  of  July,  1866,  establishing  the 
ecpiivalents  of  the  metric  units  in  terms 
of  the  customary  weights  and  measures. 

The  form  of  law  proposed  is  the  same 
as  Mr.  Maish's  bill,  with  the  exception 
that  we  have  altered  by  one  year  the 
date  for  it  to  go  into  effect,  because  of 
the  delay  of  a  year  in  the  time  of  its  ex- 
pected passage. 

The  46th  Congress  opened  yesterday,, 
and  we  respectfully  urge  upon  this  soci- 
ety that  at  the  earliest  reasonable 
moment  it  be 

Voted,  that  the  memorial  submitted 
19th  March,  1879,  by  the  Committee  on 
the  Metric  System,be  adopted  by  the  Soci- 
ety, signed  by  the  President  and  Secre- 
tary, and  transmitted  to  both  Houses  of 
Congress. 

The  desired  legislation  will  be  made 
when  it  is  demanded  by  our  citizens  ;  it 
is  hoped  that  the  demand  will  be  prompt 
and  general.  The  undecided  and  con- 
servative people  who  are  anxious  to  pro- 
ceed very  cautiously,  and  take  extremely 
slow  and  gradual  steps,  ought  to  join  in 
this  appeal.  Nearly  all  can  agree  upon 
this  first  step.  We  don't  mean,  however, 
to  disguise  our  own  opinion,  as  stated 
heretofore,  that  a  simultaneous  move- 
ment is  required  for  the  most  economical 
conduct  of  the  reform  ;  that  the  estab- 
lishment of  the  metric  system  in  the 
Post  Office  and  the  Custom  House 
should  be  rapidly  followed,  say  in  five 
years,  by  its  exclusive  use  in  all  other 
branches  of  the  public  service ;  and  that 
the  people  of  the  United  States  ( and 
particularly  those  persons  who  petition 
Congress  for  the  change )  ought  to 
adopt  the  metric  system  in  their  private 
affairs  directly  after  beginning  to  use  it 
in  their  dealings  with  the  Government. 
The  more  quickly  the  transformation  can 
be  completed,  the  less  protracted  will 
the  annoyance  be  ;  provided,  of  course, 
that  it  be  not  attempted  to  accomplish  it 
within  shorter  limits  than  are  reasonably 
fixed  by  the  requirements  of  any  one 
ordinary  business.  In  this  connection 
it  may  be  interesting  to  quote  the 
opinion  of  Gen.  Humphreys,  Chief  of 
Engineers.    He  says,  3d  December,  1877 : 

"  So  far  as  the  proposed  change  would 
affect  the  works  carried  on  under  charge 
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of  the  officers  of  the  Corps  of  Engineers, 
it  need  only  be  said  that  while  any 
change  in  the  ordinary  and  accepted 
standards  must  be  an  inconvenience,  yet 
there  is  no  other  reason  why  the  change 
should  not  be  made,  provided  sufficient 
time  is  given  for  preparation.  It  is 
thought  that  the  French  metric  stand 
ards  should  not  be  adopted  to  the  exclu- 
sion of  the  present  standards,  in  this 
office  within  a  less  interval  of  time  than 
five  years  after  the  passage  of  the  act. 
This  limit  is  fixed  as  the  minimum,  in 
order  to  allow  for  the  proper  careful 
manufacture,  comparison,  and  distribu- 
tion of  standards,  and  their  duplication 
in  various  forms  for  ordinary  use,  for  the 
necessary  changes  in  tables  and  formulae, 
and  more  especially  to  allow  a  sufficient 
interval  of  time  during  which  a  practical 
familiarity  with  the  new  standards  may 
be  acquired,  particularly  by  those  with 
whom  the  business  of  the  Engineer  De- 
partment is  transacted  and  who  are  not 
in  the  public  service,  as  well  as  by  those 
not  in  the  public  service  who  use  the 
maps,  charts,  etc.,  of  the  department." 

The  practical  steps  toward  the  actual 
use  of  the  meter  in  our  own  profession 
will  be  the  topic  of  the  remainder  of  this 
report.  The  little  matter  of  ^dotting  a 
metric  scale  upon  those  plans  that  have 
any  linear  scale  has  formerly  been 
spoken  of  as  the  beginning.  The  dispo- 
sition of  engineers  toward  that  prelimin- 
ary measure  is  illustrated  by  a  letter  ( a 
copy  accompanies  this  report )  sent  last 
October  to  the  Library  Committee  of  the 
American  Society  of  Civil  Engineers,  and 
by  the  fact  that  they  purpose,  hereafter, 
to  put  a  metric  scale  upon  the  illustra- 
tions of  papers  published  in  their  Trans- 
actions, where  no  objection  is  made  by 
the  author.  The  Engineers'  Club  of 
Philadelphia  adopted,  April  6,  1878,  the 
report  of  its  Committee  on  Metric 
System,  which  requested  "  that,  in  all 
papers  read  before  the  Club,  the  Metric 
System  be  used  conjointly  with  the 
English,  and  that,  on  all  maps,  sections, 
and  drawings,  a  metric  scale  be  placed, 
for  comparison  with  the  ordinary  mile, 
foot,  or  inch  scale."  They  also  recom- 
mended the  introduction  of  the  metric 
system  into  machine  shops,  public 
schools,  and  professional  literature.  The 
report  was  printed  and  widely  circulated  ; 
copies   were    courteously   sent  us,   and 


were  submitted  to  the  Society  last 
spring,  as  may  be  remembered.  The 
Civil  Engineers'  Club  of  the  Northwest, 
devoted  a  meeting  to  the  metric  system, 
November  6,  1878.  The  arguments  in 
its  favor  were  very  ably  presented  ;  and 
a  motion  was  carried  instructing  the 
Secretary  to  procure  for  the  use  of  the 
Club,  stationery  printed  with  metric 
devices.  It  was  stated  in  the  discussion, 
that  on  the  U.  S.  Lake  Survey  the 
metric  scale  is  being  attached  to  charts. 
A  full  report  may  be  found  in  Engineer- 
ing JVeios,  for  November  14  and  21, 
1878.  A  final  report  by  the  committee 
appointed  three  years  ago,  and  decisive 
action  by  the  Club,  have  yet  to  be  made. 

The  American  Society  of  Civil  En- 
gineers, by  letter  ballot,  canvassed  Feb- 
ruary 6, 1878,  "  Resolved,  that  the  further 
consideration  of  the  metric  system  of 
weights  and  measures  be  indefinitely 
postponed,"  102  to  57. 

We  think  ourselves  that  the  further 
consideration  of  the  advisability  of  adopt- 
ing the  metric  system  may  be  superflu- 
ous, regarding  its  ultimate  use  all  over 
the  world  as  a  foregone  conclusion  :  but 
we  believe  it  is  worth  while  to  study  the 
best  method  of  introducing  it.  We  look 
forward  to  a  time,  not  far  off,  when  there 
shall  be  a  general  movement  for  the 
actual  use  of  the  metric  measures  and 
the  abandonment  of  the  old  ones.  The 
first  effective  substitution  in  the  work  of 
our  own  profession  may  be  expected  in 
surveys  of  land.  Our  second  subject, 
therefore,  which  we  wish  to  examine  at 
considerable  length,  is  the  metric  system 
in  the  measurement  of  land ;  for,  in  fact, 
its  use  there  has  already  begun. 

The  meter  has  always  been  the  stand- 
ard of  the  U.  S.  Coast  Survey,  to  take 
the  most  conspicuous  instance ;  though, 
strange  to  say,  its  published  charts 
bear  linear  scales  of  miles,  but  not 
of  meters,  and  their  ratios  to  natural 
size  have  sometimes  been  l6^00,  3 0 *  Q 0 
and  others  that  can  not  be  expressed 
precisely  as  decimal  fractions.  Diu-- 
ing  the  past  two  years  a  re-survey  of 
Boston  Upper  Harbor  has  been  made  in 
meters,  under  the  direction  of  the  Mas- 
sachusetts Harbor  Commissioners  ;  their 
last  report  gives  a  list  of  geographical 
positions  of  land  marks  and  conspicuous 
objects  with  which  local  surveys  can 
readily  be   connected,    distances    being 
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given  in  meters  only ;  it  contains  also  a 
skeleton  map  of  the  triangulation  bearing 
a  linear  scale  of  meters  alone.  Passing 
from  large  surveys  to  small  ones,  Mr. 
Charles  W.  Howland,  of  Eockland,  Mass., 
has  been  making  surveys  in  meters  and 
corresponding  plots  for  deeds  for  his 
patrons  in  Eockland  and  neighboring 
towns,  cliuing  the  past  five  years  or 
more  ;  and  he  finds  that  it  works  per- 
fectly well. 

The  reason  for  beginning  the  use  of 
the  metric  system  upon  this  class  of  work 
rather  than  upon  any  other  that  falls 
within  the  province  of  the  engineer  is 
that  it  is  the  least  connected  with  other 
people's  measurements.  There  is  a  con- 
siderable amount  of  land  surveying  of  this 
class ;  surveys  merely  for  the  measure- 
ment of  area,  or  for  making  descriptions 
and  plans  for  deeds  of  record,  or  for 
dividing  a  parcel  of  land  by  lines  fulfill- 
ing given  geometrical  conditions,  are 
nearly  independent  of  other  measure- 
ments, and  the  surveyor  can  use  what 
unit  he  likes.  "Whenever  he  shall  become 
convinced  that  the  speedy  adoption  of 
the  metric  system  is  assured,  he  will  be 
able  to  use  the  metric  measures  upon 
work  of  this  class  more  readily  than  else- 
where. Measurements  of  land,  moreover, 
unlike  those  of  the  warehouse  and  the 
workshop,  are  liable  to  be  referred  to  for 
many  years.  The  plans  that  we  are  mak- 
ing to-day  may  be  preserved  in  our  Reg- 
istries of  Deeds,  and  be  appealed  to  a 
century  hence.  According  to  general 
opinion  the  metric  system  will  then  be  in 
use  everywhere,  and  if  the  coming  sur- 
veyor shall  not  find  it  on  our  plans,  he 
will  suffer  a  similar  inconvenience  to  that 
which  we  who  use  feet  now  endure  from 
the  chains,  rods  and  links  of  a  former 
generation. 

The  introduction  of  the  meter  will  re- 
quire but  very  little  effort.  Metric  chains, 
tapes,  poles  and  rules  cost  no  more  than 
those  of  the  old-fashioned  style.  The  lion 
which  most  of  as  see  in  the  way  is  prob- 
ably the  incongruity  between  the  meter 
and  the  foot.  What  we  ought  to  aim  at 
in  making  the  change  will  be  to  use  the 
meter  only  and  not  to  refer  to  the  foot  at 
all ;  the  incongruity  will  then  be  a  help, 
not  a  hindrance.  Nevertheless,  the  inter- 
conversion  of  old  and  new  measurements 
will  occasionly  be  required  at  the  best ; 
and  to  people  who  are  on  the  lookout  for  j 


obstacles,  that  prospect  is  rather  formid- 
able ;  but  when  we  look  upon  it  as  an 
inevitable  task  which  we  must  contrive 
to  perform  in  the  easiest  way  we  can,  we 
shall  see  that  it  is  the  same  sort  of  thing 
that  we  are  already  (to  our  sorrow)  well 
acquainted  with  in  the  transfer  of  miles, 
chains,  rods,  and  links  into  feet,  and  in 
the  change  of  inches  and  sixteenths  into 
feet  and  decimals.  The  change  into 
meters  is  doubtless  of  somewhat  greater 
magnitude  ;  but  it  is  not  so  much  greater 
as  might  at  first  sight  be  supposed ;  and 
by  an  adroit  selection  of  examples,  may 
even  be  made  to  appear  less.  "We  some- 
times see  a  long  string  of  decimals 
(.025399772)  written  to  express  the  value 
of  an  inch  in  meters ;  to  express  the 
value  of  an  inch  in  feet  takes  just  as 
many  decimals,  .083333333  +  ,  and  is  not 
mathematically  exact  at  that.  Suppose 
that  we  come  down  to  reasonable  figures 
for  practical  use  ;  for  instance,  a  surveyor 
who  uses  decimals  of  a  foot  is  called 
upon  to  give  lines  or  grades,  for  masons 
and  carpenters,  who  are  building  from 
architect's  plan  figured  in  inches ;  the 
surveyor  is  exact  enough  if  he  uses  three 
places  of  figures,  and  calls  5  inches 
0.417  of  a  foot,  and  10  inches  0.833  of  a 
foot ;  that  is,  he  neglects  one  part  in 
1,250,  or  one  part  in  2,500  ;  if,  on  the 
other  hand,  he  had  used  a  metric  tape 
and  three  places  of  decimals,  and  had 
called  5  inches  127  millimeters,  and  10 
inches  254  millimeters,  he  would  have 
made  an  error  of  less  than  one  part  in 
100,000.  To  reduce  rods  to  feet  you 
must  multiply  by  16.5,  miles  to  feet  by 
5,280,  still  three  significant  figures. 
Take  square  measure ;  to  reduce  acres  to 
square  feet  you  must  multiply  by  43,560, 
four  significant  figures  ;  to  reduce  square 
rods  to  square  feet  by  272.25,  five  signifi- 
cant figures  ;  and  even  to  reduce  square 
feet  to  square  inches,  you  must  multiply 
by  144,  three  significant  figures.  On  the 
other  hand  to  reduce  square  feet  to 
square  centimeters,  you  must  multiply  by 
929 ;  square  feet  to  square  meters  by 
.0929 ;  square  feet  to  hektars,  by 
.00000929;  which  is  three  significant 
figures.  The  conrputation  is  made  a 
simple  matter  by  the  aid  of  tables,  some 
of  which  are  very  conveniently  arranged. 
A  new  table  by  Mr.  Emonts,  of  the 
American  Society  of  Civil  Engineers,  will 
probably  be  printed  soon.     For  approxi- 
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mate  reckoning  which  will.be  sufficient 
in  many  cases,  a  graphical  method  can 
be  applied.   (See  accompanying  diagram.) 

As  another  illustration  of  the  readiness 
with  which  the  change  can  be  made,  take 
the  matter  of  draughting  on  plans.  Sup- 
pose a  surveyor  makes  a  drawing  of  a 
building  lot  on  a  scale  of  10  feet  to  an 
inch,  that  is,  T-2ir  or  8^  per  thousand  of 
full  size  ;  that  plan  is  sent  to  an  archi- 
tect's office  to  guide  him  in  making  his 
designs ;  suppose  he  wishes  to  read  dis- 
tances upon  it  in  feet  and  inches,  the  near- 
est scale  he  can  find  to  it  on  the  common 
architect's  triangular  draughting  scale  is 
-^2  of  an  inch  to  the  foot,  which  is  y^-g  of 
full  size ;  if  he  should  use  that  scale, 
therefore,  -Jg-  part  or  6J  per  cent,  would 
have  to  be  deducted  from  each  reading. 
Suppose,  on  the  contrary,  that  he  should 
wish  to  scale  distances  in  meters  from 
the  plan;  the  nearest  standard  decimal 
scale  would  be  .008,  or  8  millimeters  to  a 
meter ;  and  if  this  were  used,  -gV  part  or 
4  per  cent,  would  have  to  be  deducted 
from  each  reading  would  have  to  be  de- 
ducted from  each  reading  to  get  the 
measurement  in  meters.  As  another  in- 
stance, suppose  you  have  to  add  some 
work  to  an  old  plan  on  a  scale  of  100 
rods  to  an  inch.  To  plot  feet  on  it  you 
require  a  scale  of  1,650  feet  to  an  inch, 
which  is  not  ordinarily  to  be  found  en- 
graved ready  for  use ;  it  is  yips-oiF  °^ 
nature,  that  is,  one*  per  cent,  larger  than 
20jj,00,  and,  as  paper  plans  are  liable  to 
shrink  as  much  as  that  (and  plans  printed 
on  damp  paper  considerably  more  than 
that),  a  metric  scale  of  .00005,  or  5  cen- 
timeters to  a  kilometer,  can  be  applied 
to  plot  metric  measurements  as  conveni- 
ently as  anything.  Similarly  scales  of 
20  rods  to  an  inch,  5  inches  to  the  mile, 
and  2^  inches  to  the  mile  vary  about  one 
per  cent.  from.  00025,  .00008,  and  .00004. 

It  is  not  pretended  that  these  are 
average  cases ;  they  are  confessedly 
selected  for  a  purpose  ;  but  to  any  mind 
familiar  with  this  matter,  examples 
enough  of  a  contrary  tendency  will  un- 
doubtedly occur  to  secure  a  fair  judg- 
ment. The  present  discussion  is  simply 
intended  to  give  a  realizing  sense  of  the 
fact  that  the  labor  of  translating  quanti- 
ties into  the  metric  system  need  not 
alarm  engineers,  who  can  at  one  time 
use  miles  and  acres  on  extensive  land 
surveys,  feet  and  decimals  on  railroads 


and  building  lots,  cubic  yards  on  earth- 
work and  masonry,  and  inches  and 
sixteenths  on  wooden  and  iron  construc- 
tion. 

By  the  adojotion  of  the  metric  system, 
several  material  advantages  are  to  be 
gained  in  the  details  of  the  surveyor's 
work,  which  are  often  overlooked  in  our 
general  view  of  its  more  important  and 
extended  benefits. 

Apply  the  metric  system  to  draughting. 

1.  We  shall  use  the  same  scales  that 
architects  will. 

2.  We  shall  use  the  same  draughting 
scale  for  all  plans  from  the  largest  detail 
drawings  to  the  smallest  maps. 

3.  A  plain  metric  rule,  such  as  every 
man  will  carry  in  his  pocket,  will  afford 
a  moderately  convenient  scale  for  read- 
ing dimensions  on  all  the  commonest 
sizes  of  drawings. 

4.  If  we  write  the  scale  as  a  decimal 
fraction  there  will  be  no  ambiguity ; 
large  scales  will  be  exj^ressed  by  large 
numbers  ;  small  scales  by  small  numbers. 

Apply  the  metric  system  to  leveling. 

1.  We  shall  have  a  unit  of  just  the 
right  magnitude  for  nice  work.  The 
hundredth  of  a  foot  is  not  considered  fine 
enough  for  the  most  accurate  leveling ; 
so  we  undertake  to  use  the  thousandth : 
but  that  is  too  fine  a  division  to  be  read 
twice  alike.  The  millimeter,  which  is 
very  near  to  a  mean  proportional  be- 
tween the  two,  is  just  what  is  wanted. 

2.  We  shall  have  a  target  rod  without 
a  vernier;  for  millimeters  can  be  read 
from  a  plain  scale. 

3.  We  shall  have  a  speaking  rod  which 
can  be  read  at  a  greater  distance  than  at 
present,  or  more  easily  read  at  the  same 
distance  ;  for  the  centimeter  is  more  than 
3  hundredths  of  a  foot.  Intermediate 
millimeters  can  be  estimated  very  closely 
if  required. 

Apply  the  metric  system  to  the  meas- 
urement of  length.  As  to  whether  it 
will  be  more  convenient  than  the  old 
measures,  probably  opinions  differ  ac- 
cording to  the  class  of  work  especially 
contemplated  by  the  person  making  the 
comparison.  For  suburban  house  lots 
where  it  might  be  thought  finical  to  give 
the  hundredth  of  a  foot,  and  negligent  to 
stop  with  the  nearest  tenth,  the  centi- 
meter may  be  found  better  suited.  For 
the  measurement  of  the  most  valuable 
estates  in  the  business  portion  of  cities. 
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DIAGRAM  OF  EQUIVALENTS 

(Adapted  from  a  German  periodical ) 
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OLD    UNITS 

there  will  be  some  gain  in  nicety  by  the 
rise  of  the  millimeter  instead  of  the  hun- 
dredth of  the  foot,  the  thousandth  being 
as  unattainable  here  as  in  leveling. 

We  have  been  speaking  of  beginning 
new  works  of  pure  land-surveying. 
There  is  a  great  deal  of  surveying,  how- 
ever, which  is  more  closely  bound  up 
with  old  measures.  Where  a  large  tract 
of  land  like  our  Back  Bay  territory  has 
already  been  planned  and  partially  laid 
out,  it  will  plainly  be  easier  to  continue 
the  use  of  the  same  unit  of  measurement 
first  employed  than  to  adopt  a  new  one 
in  going  on  to  complete  the  work  or  set 
off  additional  lots.  When  surveys  of 
land  are  made  with  a  view  to  the  con- 
struction of  buildings  or  works  thereup- 
on, it  would  obviously  be  most  conven- 
ient to  apply  the  same  standard  of  length 
on  the  survey  that  is  to  be  used  in  the 
construction ;  in  such  surveys  the  engi- 


neer must  change  very  nearly  in  unison 
with  the  manufacturers  who  will  supply 
his  materials  in  standard  sizes  and  the 
mechanics  who  will  execute  his  plans. 
Upon  purely  constructive  works  inde- 
pendent of  surveying,  the  engineer  must 
evidently  act  precisely  simultaneously 
with  artisans  and  tradespeople,  in  under- 
taking to  introduce  thoroughly  and  ex- 
clusively the  use  of  the  metric  system. 

Some  eminent  and  able  men  have 
maintained  that  in  land  surveying  there 
is  need  of  especial  delay,  and  that  the 
lapse  of  time  required  for  making  the 
proposed  change  must  there  be  greater 
than  in  other  classes  of  measurement. 
To  controvert  such  views  we  may  refer 
to  a  letter  which  we  recently  addressed 
to  the  Congressional  committee :  a  copy 
accompanies  this  report. 

It    is    hoped    that   this   subject    will 
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receive  the  thoughtful    attention  of  the 
society. 

Respectfully  submitted, 

[Signed]  Fredk.  Brooks, 

"  L.  Fredk.  Rice, 

"  Clemens  Herschel, 

Committee. 
19th  March,  1879. 


[copy.] 
Boston  11th  Feb. 


1879. 


To  the  Committee  on  Coinage,  Weights 
and  Measures: 

The  Boston  Society  of  Civil  Engineers 
having  appointed  us,  the  undersigned,  a 
standing  committee  on  the  Metric  System 
of  Weights  and  Measures,  we  desire  to 
present  the  following  discussion  of  the 
arguments  on  the  metric  system  in  land 
surveys  reported  by  officers  of  the  Exec  • 
utive  Departments  and  printed  last  year 
in  Ex.  Doc.  71,  45th  Cong.,  2d  Sess. 

The  Commissioner  of  the  General  Land 
Office  says  (Part  2,  p.  2) ; — 

"The  Gunter  chain,  so  long  used  in 
this  branch  of  the  public  service,  is  of 
the  convenient  length  of  66  feet." 

Now  that  equals  20.117  meters;  and 
the  usual  metric  chain  has  the  convenient 
length  of  65.62  feet,  or  20  meters.  The 
difference  is  4^  inches. 

He  says  in  explanation  of  the  conven- 
ience of  the  Gunter  chain  as  applied  to 
the  sub-division  of  the  public  lands  (Part 
2,  p-  2):— 

"The  legal  township  of  the  United 
States  land  surveys  is  approximately  a 
rectangular  tract,  with  sides  of  six 
statute  miles.  This  body  of  land  is 
divided  into  36  sections,  with  sides  of  80 
chains,  each  regular  section  embracing, 
as  nearly  as  may  be,  a  square  mile  or  640 
acres." 

But  the  law  tolerates  a  variation  of  1 
chain  in  80,  and  many  sections  actually 
vary  from  a  square  mile  by  more  than 
half  that  amount.  Less  than  half  is  suffi- 
cient to  reduce  the  section  to  a  square  of 
1600  meters  on  a  side,  as  frequently 
remarked  by  western  surveyors,  and  ex- 
hibited by  the  diagram  of  the  Commis- 
sioner of  Education  (Part  2,  p.  8).  He 
shows  the  quarter  sections  and  the  usual 
smaller  divisions;  but  the  metric  dimen- 
sion is  adapted  to  still  further  quartering 
than  the  old  mile  measurement.  It  ap- 
pears therefore,  that  the  same  division 


now  established  could  be  continued;  that 
what  is  now  "  approximately  "  80  Gunter 
chains,  also  is,  and  might  be  called, 
approximately  80  metric  chains,  or  1600 
meters;  that  what  is  now  "as  nearly  as 
may  be"  640  acres  is  as  nearly  as  need  be 
(16xl6  =  )256  hektars;  that  a  40  acre  lot 
might  as  well  Lbe  considered  16  hektars  ; 
and  that  the  substitution  of  the  metric 
system  would  thus  require  but  a  very 
simple  computation  from  the  old  denom- 
inations to  the  new,  and  would  not 
necessitate  the  "retracement  of  many 
standard  and  meridian  lines  now  marked 
in  the  field,"  and  would  not  destroy  those 
associations  which  the  land  system  now 
has  with  "  the  social  and  political  life  of 
the  people." 

The  Commissioner  of  the  General 
Land  Office  states  (Part  2.  p.  2) ; — 

"  The  aggregate  quantity  of  unsurveyed 
public  lands  in  eleven  partially  surveyed 
States  and  Territories,  and  in  the  wholly 
unsurveyed  Territory  of  Alaska,  is  about 
equal  to  that  already  surveyed." 

After  referring  to  the  same  fact,  Maj. 
Powell,  of  the  Rocky  Mountain  Survey, 
well  observes  (Part  2,  p.  18) ; — 

"If  the  metric  system  is  finally  to  pre- 
vail in  this  country,  it  is  desirable  that 
these  lands  should  be  measured  and  con- 
veyed in  units  of  the  new  system." 

The  Commissioner  of  Patents  relates 
the  interesting  fact  that  at  some  jxlaces 
in  the  Mississippi  Valley  the  ancient 
French  arpent  still  continues  in  use,  and 
remarks  (Part  2  p.  5) ; — 

"It  is  because  all  real  estate  trans- 
actions are  matters  of  permanent  record, 
and  permanent  records  are  only  changed 
with  great  difficulty.  To  change  them 
involves  translation,  tedious  and  accu- 
rate computation,  the  discarding  of  or- 
iginal records,  and  opens  the  door  to  mis- 
takes and  fraud ;  and  the  possibilities  of 
these  are  without  end." 

We  see  no  occasion  for  changing  or 
discarding  the  original  records,  but  we 
do  think  that  any  new  measurements 
ought  to  be  made  and  recorded  in  terms 
of  some  unit  recognized  by  the  laws  of 
the  United  States.  In  New  England  sur- 
veys were  formerly  made  in  chains  and 
links,  but  it  is  now  the  common  practice 
to  use  feet  and  decimals.  Our  old 
j  records  remain,  and  at  those  rare  inter- 
vals when  we  have  to  refer  to  them  we 
I  can   translate   dimensions  from  one   de- 
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nomination  into  the  other  with  tolerable 
cenfidence  in  our  accuracy,  and  with  no 
special  temptation  to  fraud.  Changing 
arpents  into  feet  would  be  the  same  sort 
of  thing,  though  perhaps  a  little  more 
tedious;  and  changing  feet  into  meters 
we  find  presents  no  insuperable  difficulty. 
As  Maj.  Powell  very  justly  says  with  ref- 
erence to  the  metric  system  (Part  2,  p. 
18);— 

"In  land  measures  its  introduction 
will  but  slightly  inconvenience  the  people 
at  large,  for  the  measurement  of  land  is 
practically  relegated  to  skilled  persons, 
as  engineers  and  surveyors ;  and  the  con- 
veyancing of  lands,  to  persons  skilled  in 
that  branch  of  business." 

If  a  change  of  unit  were  really  imprac- 
ticable, it  would  be  true  of  the  City  of 
St.  Louis,  and  not  of  its  suburbs  alone; 
but  in  the  city  the  antiquated  arpent  has 
given  place  to  another  anomalous  meas- 
ure, the  "front  foot."  Real  estate  is  now 
sold  in  St.  Louis,  by  the  foot  of  street 
line,  although  the  lots  vary  in  depth. 
The  whole  territory  of  France  also  has 
found  it  possible  to  change  from  the 
arpent  to  the  hektar. 

Prof.  Hilgard,  Assistant  in  Charge  of 
the  U.  S.  Coast  Survey  Office,  says  (Part 
1,  p.  24);- 

.  .  "  all  the  most  valuable  real  estate, 
such  as  lots  and  streets  in  cities,  has  been 
laid  off  in  this  country  in  even  feet,  gen- 
erally even  tens  of  feet,  as  50,  60,  80, 
100,  150,  &c.  What  adequate  motive  is 
there  to  change  these  expressions  into 
terms  which  are  necessarily  fractional, 
and  in  which  those  foreign  nations 
whose  convenience  it  is  proposed  to  meet 
have  no  conceivable  interest?  What  use- 
ful purpose  is  subserved  by  designating 
a  building-lot  24  by  120  feet  in  the  form 
of  7.315  by  36.576  meters?" 

One  weak  point  about  this  is  that  it 
does  not  adhere  closely  enough  to  the 
facts.  Many  of  those  city  lots  in  exact 
feet  are  the  lovely  creations  of  the  fancy. 
To  draw  an  illustration  from  home,  a 
large  part  of  South  Boston  is  laid  out  in 
rectangular  blocks,  several  of  which  have 
a  nominal  length  from  street  to  street  of 
500  feet ;  the  plans  at  the  City  Surveyor's 
office  show  the  following  series  of  real 
distances:  501.23,  501.37,  501.19,  500.76, 
500.60,  500.  501.10,  501.23.  The  general 
fact  is  that  cities  are  laid  out  and  division 
walls  built  when  land  is  cheap,  and  when 


minutely  accurate  measurement  would 
cost  more  than  it  would  be  worth.  In 
after  years  when  the  property  becomes 
valuable  and  is  carefully  surveyed,  it  is 
found  that  the  actual  dimensions  are 
often  fractional.  In  such  cases  their 
metric  equivalents  will  be  no  more  irreg- 
ular. 

Whether  foreign  nations  be  interested 
or  not,  what  we  seek  is  our  own  conven- 
ience. In  real  estate  business,  as 
elsewhere,  the  useful  purposes  to  be 
accomplished  by  the  introduction  of 
the  metric  system  are  so  obvious  that 
a  very  brief  mention  of  them  will 
be  a  sufficient  answer  to  Prof. 
Hilgard's  questions  and  to  some  other 
remarks  of  similar  tenor,  as  that  "there 
is  nothing  to  compensate  for  the  hard- 
ship and  the  danger  that  would  ensue 
from  such  a  change. 

One  great  benefit  will  consist  in  uni- 
formity with  other  measures.  If  land  is 
surveyed  at  all  it  is  probably  with  a  view 
to  its  being  subsequently  used  in  some 
way  more  or  less  connected  with  such 
measurements  as  are  adopted  for  the 
common  purposes  of  life.  If  it  is  to  be 
walled  hi  or  fenced  around  by  masons 
and  carpenters  who  use  the  metric  sys- 
tem, if  roads  are  to  be  made  across  it  by 
contractors  who  use  the  metric  system, 
trees  planted  at  regular  distances  by. 
farmers  who  use  the  metric  system, 
houses  and  barns  erected  by  architects 
and  builders  who  use  the  metric  system, 
or  even  graves  dug  in  it  by  sextons  who 
use  the  metric  system,  there  will  be  an 
element  of  convenience  in  having  the 
survey  of  the  land  in  metric  units  to 
begin  with. 

A  second  gain  will  be  that  we  shall 
effectually  get  rid  of  some  awkward  re- 
lations like  7.92  inches  in  a  link,  16.5 
feet  in  a  rod,  5,280  feet  in  a  mile,  and 
43,560  square  feet  in  an  acre,  and  sub- 
stitute a  completely  decimal  system  with 
a  logical  nomenclature. 

Another  advantage  relates  to  our  deal- 
ings with  distant  places.  If  to-day  a 
land-owner  in  St.  Louis  desires  to  bor- 
row money  upon  his  estate  consisting  of 
25  "front  feet,"  a  capitalist  outside  the 
city  is  put  to  more  trouble  to  inform  him- 
self about  it  than  he  will  be  when  the 
description  shall  be  made  in  a  form 
everywhere  familiar.  If  a  western  rail- 
road company  wishes   to  place  its  land 
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grant  bonds  in  the  German  market,  the 
business  could  be  facilitated  by  describ- 
ing the  property  in  kilometers  and  hek- 
tars  as  used  in  Germany.  If  American 
instrument  makers  try  to  sell  their  goods 
in  foreign  countries,  as  American  manu- 
facturers in  other  departments  are  so 
generally  doing,  it  will  help  them  to  have 
the  same  style  of  implements  for  land- 
measuring  used  both  at  home  and  abroad. 
Our  engineers,  by  familiarizing  them- 
selves with  metric  dimensions  upon  their 
own  surveys,  will  understand  better 
when  they  read  that  a  foreign  work  has 
drained  a  territory  of  so  many  hektars, 
or  that  a  street  in  a  foreign  city  is  so 
many  meters  wide. 

It  is  for  just  such  reasons,  presumably, 
that,  as  stated  by  Prof.  Hilgard  himself 
(Part  I.,  p.  19), 

"  In  the  operation  of  the  Coast  Survey 
the  meter  is  used,  and  has  been  employed 
from  the  first  as  the  unit  of  measure." 

"We  think  this  fact  redounds  greatly  to 
the  credit  of  the  far-seeing  officers  who 
originated  the  practice. 

It  is  for  such  reasons,  probably,  that 
the  meter  has  been  frequently  used  in  the 
rnap-work  of  the  U.  S.  Geological  and 
Geographical  Survey  of  the  Territories, 
as  mentioned  by  Prof.  Hayden  (Part  2, 
p.  15). 

It  is  for  such  reasons,  also,  that  upon 
several  recent  local  surveys  in  our  own 
Commonwealth  the  meter  has  been  made 
the  unit.  The  re -survey  of  Boston  Upper 
Harbor,  under  .  the  Harbor  Commis- 
sioners, has  been  made  in  meters.  The 
Boston  and  Providence  Railroad  Co.  has 
set  up  a  row  of  stone  posts,  two  kilo- 
meters apart,  along  its  line.  Numerous 
small  surveys  for  deeds  of  record,  etc., 
in  the  towns  of  Abington,  Rockland,  and 
Hanover,  Plymouth  County,  Mass.,  have 
been  made  and  plotted  by  the  metric 
system  during  the  past  "five  years. 

If  to  accomplish  the  change  in  land 
units  is  going  to  require  such  an  uncon- 
scionably long  period  as  has  been  sup- 
posed, we  can  only  urge  that  no  time  be 
lost  in  getting  started. 

Very  respectfully, 

.[Signed]  Fredk.  Brooks, 

"  L.  Fredk.  Rice, 

■"  Clemens  Herschel, 

Committee. 


[copy.] 

To  the  Committee  on  Library  of  the 
American  Society  of  Civil  En- 
gineers. 
Gentlemen — May  we  ask  your  co- 
operation in  an  effort  to  bring  about  (as 
far  as  possible)  unanimity  of  action  in  a 
little  matter  of  professional  practice?  TVe 
observe  in  your  Proceedings  a  standing 
request  to  members,  "  in  papers  hereafter 
presented  to  the  Society  to  write,  in 
parenthesis,  weights  or  dimensions  by 
the  metric  system  in  connection  with 
those  of  the  system  in  general  use ;  "  and 
we  think  that  the  spirit  of  this  recom- 
mendation easily  includes  the  addition  of 
a  metric  scale  to  such  plans  as  require 
any  linear  scale.  Another  announcement 
says  with  regard  to  illustrations  of  papers 
presented  for  publication,  "Always  put 
a  lineal  scale  upon  each  drawing " ;  and 
this  direction  appears  to  be  followed  in  a 
large  proportion  of  cases.  We  would 
like  to  inquire  whether  in  reproducing 
such  illustrations  in  the  Transactions  an 
appropriate  metric  scale  could  not  be 
added  by  the  Secretary  if  neglected  by 
the  author.  We  append  a  list  of  several 
documents,  plans,  &c,  having  more  or 
less  of  a  public  character,  which  bear 
duplicate  scales,  saying  nothing  of  the 
private  practice  in  engineers'  offices. 
The  metric  scale  is  constructed  graphi- 
cally from  the  scale  already  on,  the  whole 
operation  requiring  only  a  few  minutes 
time. — Respectfully, 

[Signed]     Feedk.  Beooks, 
"  L.  Feedk.  Rice, 

"  Clemens  Heeschel, 

Standing  Committee  on  the  Metric  Sys- 
tem of  the  Boston  Society  of  Civil 
Engineers. 

[Signed]       Chas.  A.  Ashbuenee, 
Chairman  Committee  on  the  Metric  Sys- 
tem,  Engineers'    Club    of    Phila- 
delphia. 

[Signed]      W7.  A.  Norton, 
President  of  New  Haven  Engineering 
Society. 

[Signed]      C.  W7.  Kelly, 

Secretary  of  New  Haven  Engineering 

Society. 

[Signed]  Henry  Flad, 
President  Engineers'  Club,  St.  Louis,  Mo. 
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[Signed]       Samuel  S.  Greeley, 

Chairman  of  the   Metric   Committee   of 
the  Civil  Engineers'  Club  of  the  N.  W. 

List  (referred  to  above). 

Annual  Report  of  City  Engineer,  Bos- 
ton, 20th  Jan.,  1877;  Annual  Report  of 
City  Engineer,  Boston,  21  Jan.  1878 ; 
Report  of  Newton  Water  Commissioners, 
Nov.  1,  1877;  Fred  M.  Hersey's  com- 
petitive plan  for  a  Park,  Boston,  May, 
1878 ;  Plan,  profile,  &c,  Quebec  W.  W.  in 
Engineering  News,  Chicago,  16th  May, 
'78;  Figs.  629-49  on  pp.  656-7,  675  on 
p.  686,  and  1016  on  Plate  XVII,  Drinker's 


Tunneling,  N.  Y.,  1878 ;  Plan  of  South 
Boston  Flats  improvement,  Mass.  Har- 
bor Commissioners,  28  Feb.  1878 ;  Provi- 
dence W.  W.  Sections  and  Details  of 
Hope  Reservoir,  Providence,  R.  I.  1876 
(exhibited  at  Centennial  Exposition) ;  11 
maps  in  Gray's  Atlas  of  the  U.  S.,  Phila- 
delphia, 1877;  Boston  W.  W.  Systems 
of  Supply  and  Drainage  Areas,  City  En- 
gineer's Office,  May,  '78;  Plan  1,  showing 
the  Mouth  of  the  Rhone,  accompanying 
Appendix  S  12  to  Report  of  the  Chief  of 
Engineers  for  1875,  Part  1.  (Of  this  last 
probably  the  original  scale  was  metric, 
and  the  British  scale  was  added  subse- 
quently). 


A  NEW  PROCESS  IN  METALLURGY.* 


By  JOHN  HOLLO  WAY. 
From  "Nature." 


Long  before  human  art  acquired  the 
knowledge  of  metal-making,  prehistoric 
man  had  learned  to  make  fire  of  the  dry 
stems  and  branches  of  trees;  in  the 
charred  fragments  of  half-burnt  wood  we 
recognize  a  form  of  carbon,  the  first  sim- 
ple elementary  body  produced  by  man 
from  the  complex  natural  bodies  with 
which  he  was  surrounded.  In  the  know- 
ledge of  the  use  of  fire,  then,  was  the 
first  dawn  of  art,  particularly  of  that 
art  which  deals  with  the  reduction  of 
simple  bodies  from  compound  minerals. 
To  convert  metallic  compounds  into 
metallic  elements  is  the  domain  of  the 
metallurgist,  and  the  means  by  which 
this  is  effected  constitute  the  basis  of 
metallurgic  art.  Carbon  was  thus  a 
necessity  to  metallurgy — with  the  know- 
ledge of  fire  the  world  emerged  from  the 
stone  age.  From  those  early  times  down 
to  the  present  day,  no  fusion  has  been 
effected  without  using  carbon,  which  in 
the  form  of  wood,  coal,  or  charcoal,  has 
been  the  substance  invariably  used  by 
the  metallurgist  for  the  production  of 
heat,  and  to  enable  him  to  decompose 
and  to  smelt  metal-bearing  materials. 

The  new  process,  however,  we  are 
about  to  describe,  has  for  its  object  the 

*  A  paper  with  full  details  of  the  process  was  read  at 
the  Society  of  Arts  on  February  12,  18T9. 


smelting  of  metalliferous  substances 
without  the  employment  of  carbonaceous 
fuel.  The  sulphides  of  iron,  lead,  and 
zinc  are  known  to  be  combustible  sub- 
stances of  almost  universal  occurrence, 
and  when  burnt  under  favorable  condi- 
tions give  rise  to  a  great  evolution  of 
heat.  We  have  calculated  the  relative 
temperatures  thus  produced,  from  which 
it  appears  that  the  temperature  at  which 
iron  pyrites  (bisulphide  of  iron)  bums  in 
air  under  the  conditions  most  favorable 
to  the  development  of  a  high  tempera- 
ture is  over  2,000°  C,  protosulphide  of 
iron  burning  at  about  2,225°  C.  Zinc 
sulphide,  or  blende,  gives  a  temperature 
of  1,992°  O,  and  galena  1,863°  C;  while 
calculations  made  in  a  similar  manner 
with  coal,  assuming  it  to  be  completely 
burnt,  show  the  temperature  attainable 
to  be  2,787°  C.  These  mineral  sulphides, 
which  are  therefore  natural  and  almost 
inexhaustible  sources  of  heat  and  energy, 
can  under  certain  circumstances  be  biu'nt 
more  economically  than  their  heat-giving 
equivalent  of  coal. 

The  best  means,  however,  of  utilizing 
this  heat-producing  property  of  metallic 
sulphides  is  not  so  apparent  as  would  ap- 
pear at  first  sight.  Only  iron  pyrites  is 
sufficiently  combustible  at  a  low  tempera- 
ture to  burn  in  the  open  air,  the  mass 
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being  raised  to  the  temperature  at  which 
the  oxidation  takes  place  solely  by  the 
union  of  the  sulphur  and  iron  with  aerial 
oxygen.  In  Spain  this  is  carried  on  in 
vast  heaps  of  hundreds  of  thousands  of 
tons,  and  the  operation  extends  over 
many  months.  The  oxide  of  iron  that 
remains  is  typical  of  those  mineral  sub- 
stances which,  once  burned  in  the  prime- 
val operation  of  nature,  gave  up  their 
stores  of  heat  and  force,  and  became,  as 
it  were,  inert  bodies. 

Going  back  now  to  the  combustion  of 
carbon,  it  is  well  known  that  it  bums  at 
widely  varying  temperatures,  as  for  ex- 
ample, in  our  bodies,  in  a  common  coal 
fire,  or  in  a  powerful  furnace.  A  great 
deal  of  attention  and  thought  have  been 
spent  upon  the  subject  of  the  economy 
of  carbonaceous  fuel,  and  great  advances 
have  been  made  in  this  direction,  yet  the 
expenditure  of  coal  or  coke  necessary, 
say,  to  melt  a  given  quality  of  metal,  still 
far  exceeds  the  theoretical  limit.  The 
main  causes  of  this  discrepancy  may  be 
accounted  for  as  follows: — (1)  That  only 
a  fractional  part  of  the  oxygen  of  the  air 
passed  into  the  furnace  acts  upon  the 
material  to  be  burnt.  (2)  That  the 
oxygen  is  not  brought  in  contact  with 
the  combustible  matter  with  sufficient 
rapidity  to  attain  the  necessary  tempera- 
ture for  the  operation.  (3)  That  gases 
jmss  off  hot  and  unburnt ;  these  are  now, 
however,  frequently  utilized. 

There  is  one  metallurgical  operation 
in  which  the  first  two  sources  of  loss  are 
perfectly  avoided — namely,  by  blowing 
air  through  molten  crude  iron,  as  in  the 
Bessemer  operation,  where,  by  the  burn- 
ing of  small  quantities  of  carbon  and 
silicon  contained  in  the  crude  iron  a  very 
high  temperature  is  attained,  which  is 
not  the  case  in  the  process  of  puddling, 
where  the  oxidation  is  spread  over  a  con- 
siderable period  of  time,  although  the 
same  constituents  are  frequently  burnt  in 
similar  proportions.  But  even  in  the 
Bessemer  process  the  carbon  is  only  half 
burned,  and  a  large  amount  of  heat  es- 
capes with  the  carbonic  oxide  and  nitro- 
gen. When,  however,  we  blow  thin 
streams  of  air  through  molten  sulphide 
of  iron  lying  upon  a  tuyere  hearth,  a  high 
temperature  is  produced  by  the  perfect 
combustion  which  ensues  in  the  midst  of 
the  sulphides,  and  no  unburnt  gases  ex- 
cepting sulphur  vapor  escajDe  from  the 


surface  of  the  molten  mass.  Hot  nitrog  en 
and  sulphurous  acid  being  the  only  gase- 
ous products  of  the  operation  (excepting 
the  small  quantities  of  hydrogen  from 
the  aqueous  vapor  of  the  air),  these  may 
be  caused  to  act  upon  iron  pyrites  and 
other  mineral  matter.  When  pyrites  is 
thus  heated,  an  atom  of  sulphur  held  in 
feeble  combination  is  in  great  part  ex- 
pelled, and  thus  is  obtained  protosulphide 
of  iron,  with  which  the  operation  com- 
mences, and  which  can  exist  in  the  mol- 
ten state.  Sulphide  of  zinc  thrown  into 
this  bath  of  molten  sulphide  is  converted 
into  oxide :  the  sulphides  of  copper,, 
nickel,  and  silver  do  not  burn  at  all  so 
long  as  sulphide  of  iron  is  present,  and, 
accordingly,  if  oxides,  silicates,  or  car- 
bonates of  these  latter  metals  are  intro- 
duced into  the  molten  sulphide  of  iron, 
the  iron  present'  will  take  away  the 
oxygen  with  which  the  metals  are  com- 
bined and  concentrate  them  into  a  regu- 
lus  of  sulphides.  But  the  question  then 
arises,  How,  after  fractional  decomposi- 
tion by  oxidation,  we  can  separate  the 
sulphides  from  the  oxides  ?  This  is  ac- 
complished by  the  addition  of  siliceous 
matter  introduced  into  the  furnace  with 
the  charge  of  sulphides,,  so  that  in  the 
manner  explained  are  obtained  from 
crude  materials  five  principal  classes  of 
products,  viz.: — (1)  sulphur;  (2)  subli- 
mates of  volatile  sulphides  and  oxides; 
(3)  a  slag  of  silicates  of  certain  more 
oxidizable  metals,  principally  iron  ;  (4) 
regulus  containing  the  nickel,  copper, 
and  silver ;  (5)  sulphurous  acid  and  ni- 
trogen. Under  certain  circumstances  a 
sixth  class  of  products  may  be  obtained 
consisting  of  the  metals  copper  and  lead. 
Thus,  when  the  sulphides  of  iron  and 
copper  present  in  the  bath  are  treated 
continuously  with  the  blast  of  air  without 
the  addition  of  combustible  sulphides,  a 
point  at  length  arrives  when  the  whole  of 
the  iron  present  is  oxidized,  and  the 
regulus  in  the  bath  consists  of  subsul- 
phide  of  copper.  If  now  a  limited  sup- 
ply of  air  is  introduced,  the  copper  is  re- 
duced to  the  metallic  state,  with  the  evo- 
lution of  sulphurous  acid.  Further  ex- 
perience in  the  matter  may  lead  to  the 
adoption  of  this  continuation  of  the  pro- 
cess. Again,  sulphide  of  lead  present  in 
the  bath  may  be  caused  to  yield  metallic 
lead  by  partial  oxidation.  The  sulphur- 
ous acid  can  be  made  into  sulphuric  acid 
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in  chambers  or  condensed  to  the  liquid 
state.  Thus  we  have  in  this  new  process 
a  metallurgical  operation,  the  necessary 
heat  for  the  decomposition  and  fusion 
being  entirely  obtained  by  the  combus- 
tion of  the  iron  and  sulphur  contained  in 
the  materials  operated  on. 

Some  large  experiments  have  been 
made  in  order  to  prove  the  more  im- 
portant points  here  enunciated.  They 
are  all  to  be  found  described  in  the  paper 
upon  the  subject  in  the  Journal  of  the 
Society  of  Arts,  dated  February  14  and 
21,  1879.  A  brief  record  of  some  of  the 
phenomena  witnessed  at  the  February 
experiments  at  Penistone  may  not  be  un- 
interesting. At  seven  in  the  morning  on 
February  12  last  a  small  party  of  gentle- 
men arrived  at  Messrs.  Cammell  &  Co.'s 
Penistone  Steel  Works,  in  order  to  see 
the  operation  from  its  very  commence- 
ment. Two  Bessemer  converters  were 
ready  for  the  experiments ;  one  of  these 
was  charged  at  10  a. si.  with  some  molten 
protosulphide  of  iron  (made  by  fusing 
some  pyrites  in  a  cupola),  and  a  blast  of 
air  was  driven  through  the  tuyeres. 
Lumps  of  sandstone  were  continuously 
thrown  in  together  with  cupreous  pyrites. 
A  flame  of  the  burning  vapor  of  sulphur 
expelled  from  the  pyrites  passed  from  the 
converter  mouth  to  the  chimney  shaft; 
it  was  from  6  to  10  feet  long,  blue  at  the 
edges  and  greenish  in  the  body  of  the 
flame.  About  noon  this  experiment 
broke  down  through  an  accident,  after 
which  the  product  was  taken  out.  An 
experiment  was  then  commenced  by  set- 
ting fire  to  some  sulphide  of  iron  by 
means  of  about  2  cwt.  of  coal  thrown 
into  the  vessel  to  start  the  combustion; 
pyrites  and  sandstone  were  then  thrown 
in,  in  lumps,  which  rapidly  melted,  this 
being  continued  until  midnight  (over 
eight  hours).  The  molten  mass  in  the 
vessel  remaining  perfectly  liquid  was, 
from  time  to  time,  partially  poured  out 
to  make  room  for  the  addition  of  further 
similar  materials.  During  the  whole  of 
the  eight  hours  not  an  ounce  of  coal  was 
used,  the  converter  being  "fed  with 
stones,"  and  "vomiting  forth  fire  and 
brimstone,"  as  a  gentleman  present 
graphically  expressed  it.  In  this  latter 
experiment  about  eighteen  tons  of  raw 
pyrites  were  thus  treated,  and  over  four 
tons  of  sulphur  distilled  and  after- 
wards burnt.     More  than  half  a  million 


cubic  feet  of  sulphurous  acid  and  nitrogen 
left  the  mouth  of  the  converter  at  a  high 
temperature,  taking  away  with  them  a 
considerable  fraction  of  the  heat  produced 
by  the  oxidation.  This  was  very  un- 
favorable to  the  success  of  the  experi- 
ment, as  will  be  readily  understood  when 
this  great  loss  of  heat  is  taken  into  ac- 
count. With  a  suitable  plant  the  heated 
gases  would  be  utilized  to  drive  off  sul- 
phur from  pyrites,  so  as  to  produce  the 
molten  protosulphide  required  to  con- 
tinue the  operation.  Heat  is  not  only 
obtained  by  the  oxidation  of  the  metallic 
sulphides,  but  also  by  the  oxidation  of 
iron  protoxide  to  peroxide  when  the  con- 
tents of  the  vessel  are  over-blown.  In  an 
experiment  made  in  July  last  the  oxida- 
tion was  thus  purposely  continued.  "  As 
soon  as  the  subsulphide  of  copper  began 
to-  burn  a  splendid  emerald  green  flame 
suddenly  appeared,  lasting  about  a  min- 
ute, and  all  the  lines  except  those  of  cop- 
per and  sodium  left  the  spectrum.  Dur- 
ing the  last  few  minutes  of  the  blow  the 
mouth  of  the  converter  was  dull  and  with- 
out flame." 

Some  of  the  products  of  these  experi- 
ments were  shown  at  the  Society  of  Arts ; 
they  consisted  of  crystalline  masses  of 
ferrous  silicate  and  blocks  of  fifty  per 
cent,  copper  regulus.  No  sulphur  was 
collected,  it  being  impossible  to  do  so 
with  Bessemer  plant,  which,  in  actual 
operations,  will  not  be  used  for  the  pro- 
cess. These  experiments,  however,  en- 
abled those  present  to  witness,  in  the 
course  of  a  few  hours,  the  principal  ef- 
fects produced.  "  A  remarkable  spectrum 
was  obtained  from  the  burning  sulphur 
vapor;  viewed  through  a  small  direct  vi- 
sion spectroscope,  many  absorption  bands 
were  seen  occurring  at  apparently  regu- 
lar intervals  from  the  red  to  the  violet. 
The  lines  of  sodium,  lithmni  and  thal- 
lium were  recognizable,  but  the  majority 
of  the  lines  are  of  (as  yet)  unknown 
origin,  though  they  are  the  most  import- 
ant, since  the  changes  furnish  indications 
of  the  progress  of  the  chemical  changes 
taking  place  in  the  vessel.  The  lithium 
was,  probably,  derived  from  the  sand 
introduced  with  the  pyrites." 

The  process  is  peculiarly  suitable — 
(1)  For  the  treatment  of  metalliferous 
substances  which   cannot  be  advantage- 
ously utilized  by  other  processes.     For 
the  extraction  of  sulphur  by  distillation. 
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and  simultaneously  for  the  concentration 
and  separation  of  copper,  silver  and 
nickel  from  such  materials  in  the  form  of 
a  metallic  regulus ;  while  lead,  zinc,  ar- 
senic, &c,  accrue  in  the  sublimates. 

(2)  For  the  treatment  of  cupreous 
pyrites,  large  quantities  of  which  exist 
in  many  parts  of  the  world  where  fuel  is 
scarce,  and  where  the  present  mode  of 
treatment  by  the  cementation  (wet)  pro- 
cess involves  not  only  the  loss  of  vast 
quantities  of  sulphur,  which  is  burnt  to 
sulphurous  acid,  but  causes  the  destruc- 
tion of  all  vegetation  within  its  influence. 
For  example — about  one  million  tons  of 
pyrites,  too  poor  in  copper  to  pay  for 
shipment  to  the  United  Kingdom,  are 
annually  treated  in  Spain  by  the  cement- 
ation process.     Such  ores  thus  treated, 


containing  1£  per  cent,  of  copper,  leave 
only  a  small  profit,  whereas  it  is  calcu- 
lated that  similar  ores  by  this  new  pro- 
cess will  yield  a  profit  more  than  five 
times  as  great. 

(3)  For  the  treatment  of  copper  and 
nickel  ores,  so  as  to  produce  a  concen- 
trated regulus  without  employing  carbon- 
aceous fuel. 

It  is  therefore  obvious  that  this  pro- 
cess will  effect  a  great  revolution  in  the 
treatment  of  metallic  sulphides,  such  as 
iron,  cupreous  and  nickeliferous  pyrites, 
also  copper  and  nickel  ores  and  the 
refuse  gangue  of  mining  operations, 
which  can  thus  be  smelted  without  the 
employment  of  carbonaceous  fuel,  the 
necessary  heat  being  obtained  by  the 
oxidation  of  the  metallic  sulphides. 


THE  DESIGN  AND  CONSTRUCTION  OF  SEWERS.* 


Bt  graham  smith,  c.  e. 

From  "Iron." 


The  expeditious  removal  of  fcecal  mat- 
ter and  refuse  of  all  kinds  from  the 
habitations  of  the  members  of  any  com- 
munity largely  conduces  to  their  individ- 
ual comfort,  and  the  health  of  the  whole 
community  is  much  dependent  on  the 
efficacy  of  the  measures  adopted  to  effect 
this  end.  The  water-carriage  system 
may  be  said  to  be  now  universally  in 
operation  in  this  country,  and  the  suc- 
cess or  non-success  of  this  system  mainly 
depends  upon  the  design  and  construc- 
tion of  the  sewers.  These  should  not 
only  be  constructed  in  a  manner  such 
that  they  will  carry  to  the  outfall  with 
despatch  the  sewage  which  may  find  its 
way  into  them,  but  they  should  likewise 
be  built  in  a  manner  that  no  portion  of 
such  sewage  should  percolate  through 
them  into  the  surrounding  earth.  All 
matter  discharged  from  the  stomach  and 
bowels  of  a  cholera  patient  is  infective, 
and  if  a  taint  of  the  infective  material 
gains  access  to  any  well  or  other  source 
of  water  supply,  it  may  spread  the 
disease  indefinitely.  Notwithstanding 
this   fact,   the   records   of    the   General 

*  Paper  read  at  a  meeting  of  the  Liverpool  Engineering 
Society,  February  25th,  1879. 


Board  of  Health  demonstrate  that  at  the 
present  time  there  are  many  branch 
sewers  and  drains  existing  in  London 
which  allow  of  the  liquid  portions  of  the 
sewage  passing  through  the  joints  in  the 
brickwork.  These  contaminate  the  sur- 
rounding earth,  whilst  the  solid  matters 
remain  behind  to  choke  the  sewers  and 
rjollute  the  atmosphere  with  the  gases 
which  they  generate  whilst  undergoing 
the  process  of  decomposition.  It  is  pain- 
fully apparent  that  the  early  sewers  were, 
as  a  rule,  very  imperfectly  constructed, 
and  even  now  many  sewage  works  are 
improperly  carried  out,  simply  because 
Local  Boards  are  prone  to  practice  a 
false  economy  in  their  public  works  de- 
partment, and  retain  the  moneys  which 
ought  to  be  paid  as  fees  to  competent 
men  for  supervising  their  work.  An 
examination  of  Appendix  No.  1  to  the 
Annual  Medical  Report  to  the  Local 
Government  Board  will  convince  the 
most  sceptical  that  disease  is  caused  in 
our  country  to  a  very  large  extent 
through  defective  sewers  and  defective 
drainage  arrangements.  Forty-two  places 
were  inspected,  and,  with  the  excej)tion 
of   one    being    a    question    of    hospital 
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accommodation,  and  another  to  certain 
manufacturing  processes  causing  a  nui- 
sance, the  grounds  for  inquiry  were  the 
presence  of  zymotic  diseases  which  were 
attributed  by  the  medical  officers  in 
almost  every  instance  to  such  causes  as 
insufficient  and  polluted  water-supply; 
imperfect  means  for  the  disposal  of  ex- 
crement and  refuse;  defective  sewerage 
and  drainage ;  and  improperly  construct- 
ed sewers.  Sufficient  has  now  been  said 
to  show  the  importance  of  the  subject 
under  consideration,  and  the  effect  it  has 
on  the  well-being  and  welfare  of  the 
inhabitants  of  our  villages,  towns  and 
cities. 

The  laws  on  which  sewers  should  be 
designed,  laid  out  and  constructed,  al- 
though by  no  means  of  a  rule-of-thumb 
description,  are  yet  sufficiently  well  known 
and  understood  to  enable  a  competent 
man  to  treat  effectively  undertakings  of 
this  nature.  When  dealing  with  a  grow- 
ing town  or  village  the  conditions  are 
complicated,  and  drainage  arrangements 
may  require  alteration  from  time  to  time; 
but  with  thickly  inhabited  towns  no  ex- 
cuse is  admissible  for  a  mistake  in  the 
form  or  capacity  of  sewers.  No  works 
or  working  plans  should  be  undertaken 
until  a  thorough  study  has  been  made 
of  all  the  local  circumstances  which  are 
likely  to  affect  the  scheme  when  com- 
pleted. The  amount  of  surface  drainage 
due  to  rainfall  and  storms,  and  the  quan- 
tity of  sewage  which  will  require  to  be 
carried  to  the  outfall  by  each  vein  of  the 
system  must  be  ascertained  as  nearly  as 
possible.  The  position  of  the  outfall,  so 
as  to  allow  of  a  sufficient  inclination  being 
given  to  the  sewers  of  the  whole  system, 
is  a  matter  of  first  importance,  and  de- 
serving of  the  most  careful  consideration. 
The  form  of  sewer  which  should  be  em- 
ployed in  any  particular  instance  de- 
pends in  a  great  measure  on  the  quan- 
tity of  sewage  which  is  likely  to  flow 
through  it.  ■  If  a  large  and  unvarying 
quantity  can  be  depended  upon,  the  cir- 
cular section  is  undoubtedly  that  which 
shordd  be  employed,  or  even  when  the 
minimum  flow  is  such  that  the  sewer 
runs  half  full,  the  circular  form  has  much 
to  recommend  it.  Circular  sewers  are 
more  easily  and  economically  constructed 
than  egg-shaped  sewers,  and  are  better 
calculated  to  resist  the  external  earth- 
pressures.       Nevertheless,     where     the 


quantity  of  sewage  varies  considerably, 
the  egg  shape  should  be  adopted,  as  the 
smallness   of    the    invert    increases  the 
scouring  action  of   a  small  quantity  of 
sewage,  whilst  the  increased  size  of  the 
upper  portion  provides  for  any  augmen- 
tation in  flow.     This  is  so,  notwithstand- 
ing that  the  circular  sewer  when  running 
half  full  exposes  a  smaller  wetted  peri- 
meter than  the   egg-shaped   sewer  with 
the  same  sectional  area  of  stream.    In  all 
calculations  with  rivers  and  streams,  it  is 
usual  to  suppose  that  the  velocity  of  flow 
diminishes  with  any  increase  of  the  wet- 
ted perimeter.      This   is   not   the   case, 
however,  when  dealing  with  narrow  chan- 
nels,   in   which    the   increase    of   depth 
raises  the   velocity  to  a  greater  extent 
than  it  is  diminished  by  the  increase  of 
friction.     This  was  demonstrated  by  the 
experiments   carried   out   by  Mr.    John 
Phillips   with   the    Westminster   sewers 
upwards    of    thirty   years   back.     These 
experiments    led    him,    about   the    year 
1847,  to  design  the  egg-shaped  sewer,  with 
the  major  diameter  one  and  a  half  times 
the    minor    diameter.       A    semicircular 
crown,  struck  with  a  radius  of  half  the 
minor   diameter   in    length.     An   invert 
struck    with   a   radius    one  quarter    the 
minor  diameter,  and  sides  with  radii  of 
one  and  a  half  times  the  minor  diameter. 
These  proportions  are  found  at  the  pres- 
ent time  to  give  satisfactory  results,  and 
have  been  very  generally  adopted  wher- 
ever the  egg-shaped  sewer  has  been  em- 
ployed.    More  recently,  however,  he  has 
recommended  for  branch  sewers,  in  which 
the  flow  is  at  times  small,  a  modification 
of  this  form  in  which  the  radius  of  the 
invert  is  reduced  to   one-eighth   of   the 
minor    diameter.     He    likewise    demon- 
strated by  his  experiments   that,  with  a 
view  of  renderine1  a  sewer  self-cleansino-. 
that  those  of  moderately  large   dimen- 
sions should  be  given  a  rate  of  inclina- 
tion sufficient  to  cause  a  velocity  of  flow 
of   2^   feet   per   second.      In    Latham's 
"  Sanitary  Engineeiing''  will  be  found  a 
table  calculated  on  this  basis,  which  will 
enable  an  engineer  at  once  to  determine 
the  inclination  to  be  given  to  any  seweiv 
whatever  its  form  or  dimensions,  in  order 
to  produce  this  velocity.    In  small  sewers 
a  velocity  of  flow  of  not  less  than  3|-  feet 
per    second   should   be   maintained.     If 
the  sections  and  inclinations  are  properly 
arranged  so  as  to  maintain  these  veloci- 
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ties  under  all  circumstances  the  sewers 
will  require  little  or  no  scavenging,  and, 
in  fact,  may  be  considered  as  entirely 
self-cleansing.  In  every  system  where 
the  quantity  of  sewage  is  small  greater 
inclinations  are  necessary  than  where 
the  quantity  is  large,  and  so  the  lower 
portions  of  any  system  usually  require  a 
less  inclination  than  the  higher  portions, 
the  sewage  accumulating  as  the  outfall  is 
approached. 

It  must  be  borne  in  mind,  however, 
that  although  much  is  due  to  sectional 
form  and  inclination,  not  a  little  of  the 
success  of  any  system  of  sewers  de- 
pends upon  the  manner  in  which  the  de- 
tails are  arranged.  Especial  care  must 
be  bestowed  upon  the  form  and  construc- 
tion of  the  junctions  of  sewers.  These 
must  always  be  so  designed  that  branch 
sewers  may  discharge  into  main  sewers, 
and^main  sewers  into  larger  main  sewers, 
with  a  velocity  of  flow  approximating  to 
that  in  the  larger  sewer  and  in  the  same 
direction  as  the  flow  already  existing 
therein.  If  this  point  is  not  attended  to 
eddies  are  caused  which  lead  to  deposits 
being  formed.  The  level  of  the  bottom 
of  the  smaller  sewer  should  never  be 
made  on  a  level  with  that  of  the  larger 
sewer,  as  the  latter  is  constructed  to 
carry,  as  a  rule,  a  greater  depth  of  sew- 
age. It  stands  to  reason,  therefore,  that 
if  the  bottoms  of  the  sewers  are  made  on 
the  same  level  there  will  frequently  be 
dead  water  in  the  smaller  sewer,  which 
will  lead  to  a  deposit  being  formed  at 
its  mouth.  Looking  at  the  matter  from 
a  purely  theoretical  point  of  view,  it  will 
be  seen  that  the  sewers  should  be  placed 
relatively  to  each  other  so  that  the  sur- 
face of  the  sewage  in  each,  at  the  point 
where  the  sewers  join,  may  be  at  the 
same  level.  It  is  scarcely  necessary  to 
point  out  that  the  fluctuation  in  the  flows 
in  sewers  are  so  frequent  that  this  per- 
fection of  arrangement  is  rarely  if  ever 
attainable  in  practice.  It  is,  nevertheless, 
an  ideal  state  of  things  which  it  should 
be  the  aim  of  all  to  approach  as  nearly  as 
possible  in  actual  work.  The  question  of 
ventilation  must  also  be  dealt  with,  for 
the  proper  and  efficient  ventilation  of 
sewers  is  one  of  the  most  important  mat- 
ters to  be  considered  in  any  system  of 
drainage.  The  temperature  of  the  air  in 
sewers  is  generally  higher  than  that  of 
the  external  atmosphere.    J\Ir.  Haywood 


found  by  his  investigations,  carried  out 
during  the  year  1858,  that  the  tempera- 
tures in  the  London  sewers  during  the 
winter  were  11.61°  Fah.  higher,  and  in 
the  summer  3.12°  Fah.  lower  than  the 
temperature  of  the  external  air.  The 
average  temperature  of  the  latter  for  the 
whole  year  was  50.24°  Fah.,  and  for  the 
former  55.35°  Fah.  This  fact  of  the  tem- 
perature in  the  sewers  being  greater  than 
that  of  the  external  atmosphere  has  an 
important  bearing  on  the  question.  The 
higher  the  temperature  the  more  quickly 
will  fermentation  and  putrefaction  take 
place,  and  the  more  freely  will  the  gases 
generated  in  the  sewers  ascend  to  the 
upper  portions  of  the  system,  and  find 
their  way  into  dwellings  if  proper  means 
are  not  taken  for  their  disposal  and  dis- 
persion elsewhere.  In  a  work  entitled 
"Sanitary  Drainage  of  Houses  and 
Towns,"  by  Colonel  Waring,  an  American 
author,  it  is  stated  that  the  excrement  of 
a  typhoid  patient  continually  agitated  in 
contact  with  fresh  air  and  a  fair  ad- 
mixture of  water  passes  through  a  series 
of  complete  chemical  changes  with  no  in- 
jurious product,  but  if  allowed  to  remain 
stagnant,  if  not  properly  exposed  to  the 
air,  or  if  it  gain  access  to  the  human 
circulation  before  a  certain  oxidation,  it 
will,  like  a  ferment,  rej)roduce  itself  and 
give  rise  to  the  conditions  under  which 
it  was  at  first  produced."  .  .  .  "Un- 
ventilated  and  badly  constructed  sewers 
are  sure  agents  for  the  propagation  of  the 
disease  when  once  it  has  taken  root." 
The  latter  fact  is  uncontrovertible.  Many 
means  have  been  suggested  for  ventilat- 
ing sewers  by  shafts,  fires,  and  other  of 
the  ordinary  expedients  for  producing 
air-currents.  These  have  all  more 
or  less  failed,  their  effect  having 
been  found  to  be  entirely  local.  It  is 
now  the  generally  accepted  opinion  that 
the  only  means  of  ventilating  sewers  is 
by  allowing  them  to  ventilate  themselves. 
All  manholes  should  therefore  be  pro- 
vided with  iron  gratings  or  with  venti- 
lating pipes,  so  that  they  may  not 
only  serve  the  purpose  for  which  their 
name  denotes  they  are  intended,  but  at 
the  same  time  allow  of  the  free  entrance 
and  exit  of  the  air  to  the  sewers.  By 
this  means  the  poisonous  nature  of  the 
gases  is  to  a  great  extent  counteracted, 
as  when  largely  diluted  with  air  they  are 
considered  to  be  comparatively  harmless. 
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Manholes  should  be  placed  at  the  junc- 
tions and  angles  of  all  main  sewers,  and 
for  purposes  of  ventilation  the  distance 
apart  of  either  manholes  or  ventilating 
shafts  should  not  exceed  300  feet.  No 
niles  can  be  laid  down  for  the  spacing  of 
manholes,  but  the  more  frequently  they 
occur  the  better  will  be  the  ventilation 
and  the  greater  the  control  over  the  sys- 
tem. If  all  gulleys  and  catchpits  are 
efficiently  trapped,  and  the  junctions  of 
all  branches  made  in  such  a  manner  that 
they  are  never  water-locked  by  the  sew- 
age in  the  main  sewer,  these  manholes 
and  ventilating  shafts  may  be  made  to 
act  as  down-air  shafts,  and  pipes  three  or 
four  inches  in  diameter  carried  from  each 
private  drain  up  the  side  of  the  house, 
which  such  drain  serves,  to  a  few  feet 
above  the  top  of  the  house,  will  form 
efficient  up-air  shafts.  The  drains  should 
be  trapped  just  outside  the  walls  of  the 
dwelling.  These  pipes  will  then  not  only 
serve  the  purpose  of  up-air  shafts  from 
the  main  system  of  sewers,  but  they  will 
likewise  relieve  the  trap  from  all  pressure 
and  prevent  the  possibility  of  any  leak- 
age of  sewer-gas  into  the  house.  This, 
of  course,  supposes  that  no  other  drains 
pass  under  the  houses  unless  bedded  in 
concrete,  and  trapped  at  each  end  imme- 
diately outside  the  walls  of  the  building. 
Time  will  not  permit  the  subject  of  man- 
holes, traps  and  gulleys,  being  gone  into 
more  fully,  the  author  will  therefore  de- 
vote his  remaining  remarks  to  the  ma- 
terials employed  in  the  construction  of 
sewers. 

Lime  mortars  were  often  necessarily 
employed  before  the  introduction  of 
Portland  cement,  and  even  at  the  present 
time  chalk  and  other  rich  limes  are 
not  unknown  in  sewer  construction. 
These  are  not  capable  of  resisting  the 
chemical  action  of  sewage,  and  therefore, 
although  the  more  hydraulic  limes  may 
be  capable  of  affording  a  sufficiently 
strong  cementing  material,  they  should 
never  be  employed,  excepting  on  the 
crowns  of  sewers,  which  are  estimated, 
under  normal  circumstances,  to  run 
about  half  bore,  and  even  under  these 
conditions,  their  use  in  sewer  construc- 
tion is  attended  with  some  trouble  and 
risk.  For  the  purpose  of  backing  up  a 
sewer,  or  filling  up  a  trench  in  land  liable 
to  a  settlement,  good  hydraulic  lime 
concrete  is  all  that  can  be  desired.  The 
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water  used  in  mixing  the  mortar  or 
cement  should  be  free  from  all  organic- 
matter,  as  should  also  the  sand  and 
gravel  which  are  to  enter  into  the  con- 
struction in  any  form  whatever.  In 
districts  where  gravel,  or  other  suitable 
materials  for  the  making  of  concrete  are 
to  be  procured,  no  better  material  than 
Portland  cement  concrete  is  to  be  found 
with  which  to  construct  an  efficient  and 
economical  sewer.  The  proportions 
adopted  by  engineers  in  mixing  Portland 
cement  concrete  for  sewer  work  vary, 
but  5  to  1  and  7  to  1  may  be  taken  as 
the  limits  employed  for  the  main  portions 
of  the  work.  In  some  cases  the  whole 
interior  of  a  sewer  is  rendered  with  a 
thin  layer  of  pure  cement  or  cement  mor- 
tar, consisting  of  equal  parts  of  cement 
and  sand.  A  somewhat  more  easily-con- 
structed sewer  than  that  in  which  con- 
crete only  is  employed  is  the  sewer  with 
an  internal  ring  of  brickwork,  surrounded 
entirely  with  concrete.  It  is  slightly 
more  expensive,  but  it  permits  of  the  in- 
vert being  formed  with  hard  bricks 
glazed  on  one  side,  such  as  the  Stafford- 
shire blue  bricks.  The  inverts  of  sewers 
should  always  be  formed  either  with 
these  hard  bricks  or  .with  glazed  earthen- 
ware blocks,  as  the  friction  and  erosive 
action  of  the  detritus  carried  in  the  sew- 
age is  very  great.  For  sewers  of  moder- 
ate size  the  earthenware  blocks  have 
many  advantages,  as,  when  laid  on  a  bed 
of  concrete  the  bottom  of  the  sewer  can 
be  constructed  with  facility  and  accuracy. 
The  invert  block  in  one  piece  is  prefer- 
able to  that  made  in  three  pieces,  as  it  is 
difficult  to  find  men  who  will  make  the 
joint  of  the  latter  properly,  and  when 
one  block  only  is  used  it  is  generally 
made  hollow,  and  so  a  continuous  sub- 
soil drain  is  formed  under  the  sewer  to 
carry  off  water  from  the  trenches  during 
the  progress  of  the  work.  In  large 
sewers  the  inverts  are  preferably 
made  with  bricks  of  the  hard  and  smooth 
description  already  pointed  out.  Softer 
bricks,  such  as  the  "London  stock,"  are. 
however,  more  suitable  for  the  construc- 
tion of  the  other  portions  of  the  work. 
owing  to  their  offering  a  better  surface 
for  the  adhesion  of  the  mortar.  A  few 
experiments,  carried  out  by  the  author 
with  a  view  to  ascertaining  to  what  ex- 
tent the  nature  of  the  brick  affects  the 
strength   of  brickwork  mav  not  be  here 
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out  of  place.  In  the  first  experiment 
twelve  bricks  similar,  but  slightly  harder 
than  London  stocks,  were  crossed  in 
pairs  and  united  with  Halkin  lime  mor- 
tar, mixed  in  the  proportion  1  of  lime  to 
2  of  sand.  At  the  end  of  168  days  the 
six  pairs  of  bricks  were  drawn  asunder 
with  an  average  of  553  lbs.  for  each  pair. 
With  hard  firebricks  tested  in  every  way 
in  a  similar  manner,  the  average  of  six 
experiments  was  474  lbs.  for  each  pair. 
These  experiments  tend  to  show  that 
soft  porous  bricks  are  preferable  to  hard 
vitrified  bricks  where  tensile  strains  have 
to  be  met  in  brickwork.  For  sewers  of 
small  diameter  glazed  earthenware  pipes 
of  circular  section  are  preferable  to  any 
other  system  of  construction.  These 
pipes   should  be  laid  on   concrete,    and 


where  the  roots  of  trees  are  numerous 
they  should  be  entirely  surrounded  with 
this  material.  Puddled  clay  was  at  one 
time  much  employed  for  the  making  of 
the  joints  of  such  pipes,  but  it  has  now 
been  superseded  by  Portland  cement,  as 
it  was  not  found  to  answer  satisfactorily. 
The  roots  of  trees  find  their  way  into 
the  sewers  through  the  small  fissures 
which  are  always  liable  to  be  formed  in 
puddled  clay,  simply  by  the  dryness  of 
the  surrounding  earth.  In  conclusion, 
the  author  deems  it  well  to  remark  that 
the  time  at  his  disposal  for  the  prepara- 
tion of  this  paper  having  been  limited, 
he  has  not  been  in  a  position  to  prepare 
diagrams,  and  therefore  has  been  unable 
to  deal  in  detail  with  the  design  and  con- 
struction of  sewers. 
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I.    GENEKAL    OUTLINE    OF    EXISTING   KOUTES. 

Every  one  knows  that  the  basin  of  the 
Mississippi,  lying  between  the  Alleghany 
arid  the  Rocky  Mountains,  embraces 
about  half  of  the  United  States ;  that  the 
Eastern  slope  of  the  Alleghanies  presents 
but  a  narrow  space  along  the  Atlantic  in 
which  colonization  was  nearly  confined 
in  the  last  century,  and  that  on  the  oppo- 
site side,  west  of  the  Rocky  Mountains, 
the  continent  forms  an  undulating 
plateau  which  has  a  width  of  nearly  2000 
kilometers  and  more  than  2000  meters 
average  height. 

Until  1847,  when  gold  was  discovered 
in  California,  a  few  pioneers  only  had 
ventured  beyond  the  Mississippi  and 
Missouri,  into  the  plain  which  rises  by 
gentle  slope  for  800  kilometers  in  dis- 
tance to  the  foot  of  the  Rocky  Mountains. 
To-day  one  may  say  the  center  of  gravity 
of  the  American  continent  is  found  on 


*  In  an  introduction  to  this  article,  which  is  omitted, 
the  author  speaks  of  the  collection  of  drawings  and 
models  sent  from  the  United  States  to  the  Paris  Exposi- 
tion of  1S7S,  and  of  the  imperfect  idea  that  they  conveyed 
of  our  great  public  works.  He  was  asked  to  describe 
them  more  fully  and  this  paper  is  the  result. — D.F. 


the  Mississippi  between  St.   Louis  and 
Chicago. 

It  is  here  the  great  grain-producing 
states  are  grouped.  The  fundamental 
problem  connected  with  the  establish- 
ment of  routes  of  communication,  stated 
in  a  word,  consisted  in  uniting  Chicago 
with  the  Atlantic  coast  from  which  all 
the  unconsumed  products  are  exported. 
"With  this  problem  the  three  great 
navigable  routes  of  the  United  States 
are  connected. 

1.  The  line  from  Chicago  to  Montreal 
by  way  of  the  Lakes  and  the  St.  Law- 
rence. 

2.  The  line  from  the  Eastern  extremity 
of  Lake  Erie  to  New  York,  via.  the  Erie 
Canal  and  the  Hudson  River. 

3.  Lastly,  the  Mississippi  from  whose 
mouth  vessels  sail  by  sea  for  the  large 
ports  of  the  Atlantic,  Baltimore,  Phila- 
delphia, New  York,  Boston. 

I  will  now  enlarge  on  some  of  the 
details  of  these  lines  to  which  will  be 
added  some  remarks  on  the  most  inter- 
esting affluent  of  the  Mississippi,  the 
Ohio. 
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THE    CANADIAN    LINE. 

Every  one  knows'  that  the  waters  of 
Lake  Erie  empty  into  Lake  Ontario  by 
way  of  the  Niagara  river.  A  long  while 
ago,  these  lakes  were  united  by  a  navi- 
gable canal — the  Welland  Canal.  It  was 
constructed  for  boats  of  500  tons.  It  is 
about  to  be  enlarged  to  give  passage  to 
vessels  of  1000  tons  which  navigate  the 
lakes. 

Six  canals,  varying  in  length  from 
1,200  meters  to  18  kilometers  were  con- 
structed a  long  time  ago  around  the  St. 
Lawrence  Eapids  above  Montreal. 
These  canals  serve  for  all  ascending  boats 
and  in  descending  for  all  boats  loaded 
with  cereals.  Rafts  and  steamboats  de- 
scend by  the  river  itself.  As  with  the 
Welland  Canal,  there  is  a  project  for 
their  enlargement.  These  canals  were 
all  built  by  the  Canadian  Government. 
To  this  end  it  has  expended  the  sum  of 
about  100  millions  of  francs.  It  is  esti- 
mated that  90  per  cent,  of  the  merchan 
dize  transported  by  this  route  comes 
from  the  United  States. 

Below  Montreal  attention  is  being 
paid  to  the  improvement  of  the  river,  to 
render  it  navigable  at  all  seasons  for 
English  packets. 

THE    ERIE    CANAL. 

The  Erie  Canal,  completed  in  1826,  has 
given  to  New  York  for  more  than  a  quarter 
of  a  century,  a  marked  superiority  over 
all  other  ports  of  the  Atlantic.  But  this 
state  of  things  has  been  modified  within 
the  last  dozen  years,  especially  by  the 
railways.  These .  new  routes  (it  is  said) 
carried  in  1876,  83  per  cent,  of  Western 
freights,  while  the  Erie  Canal  carried 
only  17  per  cent. 

The  canal  was  at  first  constructed  with 
a  depth  of  lm  22  for  boats  carrying  76 
tons.  It  was  soon  enlarged  by  doubling 
the  locks,  increasing  the  draft  to  2m  13 
and  the  tonnage  of  the  boats  to  210  tons. 

This  enlargement  reduced  the  price  of 
transportation  50  per  cent.,  in  conform- 
ity with  the  predictions  of  the  engineers. 

THE    MISSISSIPPI. 

Before  the  establishment  of  railways, 
New  Orleans  (thanks  to  the  Mississippi) 
was  the  New  York  of  the  South. 

This  river  is  navigable  as  far  as  St. 
Paul,  nearly  4000  kilometers. 

But  from  St.  Louis  to  St.  Paul  naviga- 


tion is  precarious  on  account  of  shoals 
and  ice.  The  depth  is  reduced  some- 
times to  1  meter.  In  1870  the  improve- 
ment of  all  the  rapids  which  are  found  in 
this  portion  of  the  river  was  accom- 
plished, viz:  at  Keokuk  and  at  Rock 
Island. 

At  Keokuk  a  lateral  canal  was  con- 
structed. At  Rock  Island  a  channel  60 
meters  wide  lm  22  below  low  water  was 
excavated  in  the  rocky  bed  of  the  river. 

From  St.  Louis  to  New  Orleans,  over 
a  distance  of  nearly  2000  kilometers, 
navigation  is  but  rarely  impeded  by  low 
water  or  ice.  The  average  minimum 
depth  of  water  has  varied  during  the 
nine  years  from  1868  to  1876  as  indi- 
cated in  the  following  table : 

Days. 

Less  than  lm22  during 5 

More  than  lm22  and  less  than  lm83 ...  52 
More  than  lm83  and  less  than  2m44. . .  103 
More  than  2^44  and  less  than  3m()5 ...  69 
More  than  3m05 136 

365 

Vessels  coming  from  the  sea  rarely 
pass  New  Orleans,  but  whatever  their 
draft,  they  can  always  ascend  as  far  as 
Vicksburg  and  sometimes  to  Memphis, 
(1,200  kilometers  from  New  Orleans). 
From  New  Orleans  to  the  apex  of  the 
delta,  for  a  length  of  195  kilometers,  the 
depth  of  the  water  is  about  30  meters. 

All  the  different  passes  into  which  the 
river  divides  itself  have  a  bar  at  their 
extremities  in  which  the  natural  depth  is 
less  than  5  meters. 

As  long  as  commercial  navigation  was 
limited  to  vessels  of  400  to  500  tons, 
drawing  from  3m  to  4m25  of  water,  the 
bars  at  the  mouth  of  the  Mississippi 
presented  no  serious  obstacle.  But  for 
about  the  last  quarter  of  a  century,  mari- 
time commerce  has  employed,  commonlv. 
vessels  of  1000  to  5000  tons,  with  a  draft 
of  from  16  to  23  feet  (from  5  to  7  meters). 
Experience  has  proved  their  economy  be- 
yond a  doubt,  notably,  for  long  voyages. 
Since  that  time  New  Orleans,  (like 
Nantes)  has  scarcely  been  more  than  a 
port  for  coasters. 

For  several  years  preceding  1S75.  the 
Federal  Government  has  expended  in  the 
neigborhood  of  1  milhon  francs  in  annual 
dredging,  in  the  South  West  Pass.  A 
channel  from  15  to  20  feet  deep  (4m57  to 
6m10)  and  from  15  to  60  meters  wide  was 
thus   obtained.     But  the  residt  was  in- 


396 


VAN   NOSTRAND  S    ENGINEERING   MAGAZINE. 


sufficient  and  doubly  precarious,  storms 
sometimes  filling  up  to  to-day  the  chan- 
nel of  yesterday,  in  spite  of  appropria- 
tions. 

THE    OHIO    RIVER. 

The  Ohio  drains  in  the  upper  parts  of 
its  course  carboniferous  regions  whose 
area  is  larger  than  those  of  Great  Britain, 
France  and  Belgium  united. 

Pittsburg  is  the  center  of  the  coal 
commerce  of  the  West  and  South  West. 
In  1876  above  2,500,000  tons  of  coal  were 
shipped  on  the  Ohio  from  this  point. 

From  Pittsburg  to  Cairo,  where  the 
Ohio  joins  the  Mississippi,  is  about  1550 
kilometers.  Though  much  less  troubled 
with  ice  than  the  Upper  Mississippi  and 
the  Missouri,  the  Ohio  is  subject  to 
greater  freshets  than  any  of  the  other 
affluents  of  the  great  river.  The  water 
rises  19  meters  at  Cincinnati.  The  coal 
barges  require  a  depth  of  lm83.  Above 
Cincinnati  the  depth  is  sometimes  as  lit- 
tle as  2  to  3  feet.  Below,  (that  is  to 
say  for  a  distance  of  829  kilometers) 
steamers  large  or  small  can  generally 
navigate  during  eleven  months  in  the 
year. 

The  canal  from  Louisville  to  Portland, 
(constructed  to  avoid  the  rapids)  has 
been  wholly  in  the  hands  of  the  Govern- 
ment since  1874.  It  cost  16^  millions  of 
francs.  By  reducing  the  toll  from  2  fr. 
50  to  0  fr.  50  per  ton  a  considerable 
service  was  rendered  to  the  navigation  of 
the  Ohio. 

The  freight  on  coal  from  Pittsburgh 
to  Louisville  or  to  New  Orleans  is  from 
one  to  two  millimes  (0.02  to  0.04  cent.) 
per  ton  kilometer.  There  is  not  a  rail- 
way in  the  world  that  could  carry  at  so 
low  a  price  and,  consequently,  the  Ohio 
is  the  only  route  which  can  supply  coal 
to  the  centers  of  populations  established 
on  the  banks  of  the  Mississippi  below  St. 
Louis;  to  the  steamboats  which  ply  its 
waters  and'  to'  those  which  take  the  sea 
at  its  mouth. 

PROJECTED    CONNECTIONS. 

Among  the  number  of  connections  that 
are  projected  between  certain  navigable 
ways  may  be  mentioned  the  following  : 

1.  Canal  of  large  section  from  Lake 
Champlain  to  the  St.  Lawrence  (Caugh 
nawaga). 

2.  From  Troy  to  Oswego  (lake  On- 
tario) by  way  of  lake  Oneida. 


3.  From  the  James  River  to  the  Kana- 
wha (or  from  Richmond  to  the  Ohio). 

4.  From  the  Tennessee  to  the  Chatta- 
hoochee (by  Macon). 

5.  From  Rock  Island  to  Hennepin. 

II.  THE  EXECUTION  OE  THE  WORKS. 

Rivers  can  be  improved  with  a  view  to 
navigation,  by  dredging,  by  lowering 
their  bed,  by  widening,  by  ridding  them 
of  rocks.  The  end  sought  is  thus  at- 
tained directly.  It  can  also  be  attained 
indirectly  by  narrowing  the  bed  by  longi- 
tudinal dikes  which  concentrate  the 
flow. 

Lastly,  an  improvement  much  more 
radical  can  be  obtained  by  controlling  by 
dams  the  course  of  the  river,  diminishing 
the  velocity  and  at  the  same  time  increas- 
ing the  depth,  in  a  word,  transforming 
the  river  into  a  series  of  lifts  like  those 
of  a  canal. 

A.       DAMS. 

Americans  have  no  movable  dams  al- 
though they  have  some  fixed  ones,  and 
also  some  canalized  rivers.  But  this 
question  is  the  order  of  the  day  with 
them — they  come  to  study  what  we  are 
doing  in  France,  desirous  of  ascertaining 
how  our  various  systems  can  be  applied, 
notably  to  the  Ohio — and  to  water 
courses  much  larger  than  ours,  where  the 
floods  are  much  higher  and  more  sudden 
and  where  very  few  men  can  be  had  for 
manoeuvers. 

Under  these  more  complex  and  diffi- 
cult conditions,  American  engineers  are 
now  studying  the  problem  of  movable 
dams.  No  doubt  but  that  their  spirit  of 
invention  will  be  given  full  play,  and  that 
some  day  at  some  new  international  ex- 
position they  will  return  us  with  interest 
the  lessons  that  France  is  happy  enough 
to  furnish  them  to-day. 

Leaving  the  subject  of  dams,  there 
only  remains  for  us  to  examine  in  America 
dredging  machines  and  examples  of 
channels  narrowed  by  dikes. 


B. 


DREDGING    MACHINES. 


Spoon  Dredge — Although  chains  of 
cup  dredges  are  found  in  the  United 
States,  the  apparatus  most  commonly 
employed  in  rivers  and  canals  is  a  dipper 
dredge  directed  by  an  arm. 

It  has  been  sought  from  time  to  time 
in  Europe  to  solve  the  problem  of  the 
managament  of  this  arm,  which  is  10  or 
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12  meters  long.  It  is  held  by  and  turns 
on  a  roller,  whose  axle  carries  a  wheel 
joined  by  a  chain  to  the  two  extremities 
of  the  arm.  One  man  governs  it  easily. 
This  machine,  for  which  perhaps  Ameri- 
cans have  too  exclusive  a  preference 
would  be  useful  in  France  for  accurate 
dredging. 

Shell  Dredge. — The  shell  dredge  is  an 
apparatus  of  which  the  original  idea  be- 
longs to  Europe,  but  of  which  Americans 
alone  have  been  able  to  make  a  practical, 
accurate,  strong  and  useful  machine. 
The  difficult  point  was  to  produce  from 
above,  by  means  of  a  chain,  a  downward 
pressure,  causing  two  shells  or  jaws, 
mounted  on  a  common  horizontal  hinge, 
to  penetrate  the  soil  and  to  join  after  im- 
prisoning between  them  the  detached 
materials. 

Rakes  are  employed  in  the  Upper 
Mississippi  to  increase,  at  a  small  cost, 
the  depth  of  the  channel  from  1  meter  to 
lm30  on  certain  sandy  shoals.  They 
have  been  found  so  successful  that  the 
ordinary  boats  used  in  commerce  some- 
times ask  for  these  rakes  to  attach 
behind. 

The  General  MacAlester  dredge-boat 
is  represented  at  the  palace  of  the  Champ 
du  Mars,  as  are  also  the  preceding  ma- 
chines.* 

Removal  of  Sub  Marine  Rocks. — A 
new  method  for  removing  large  masses  of 
sub-marine  rocks  was  applied  at  San 
Francisco  in  1870,  and  since  then  has 
been  used  at  New  York  as  follows : 

First  a  coffer  dam  is  established  on  the 
summit  of  the  rock  from  the  interior  of 
which,  after  being  emptied,  a  well  is 
sunk  to  the  level  of  the  projected  excava- 
tion. 

Galleries  are  opened  radiating  from 
this  well,  joined  by  concentric  galleries 
or  else  by  galleries  cutting  each  other  at 
right  angles  with  proper  piers,  and  a  roof 
of  sufficient  thickness  to  exclude  the 
water.  Thus  the  whole  mass  is  exca- 
vated. So  well  was  this  done  at  San 
Francisco  that  at  the  last,  wooden  posts 
were  substituted  for  the  pillars  which 
had  been  left.  Finally,  casks  of  powder 
are  distributed  in  the  interior,  the  water 
is  let  in,  and  then,  at  high  tide,  a  simul- 
taneous   and    general     explosion    takes 

■  *  This  machine  perfected  by  Major  Howell,  was  lost  in 
the  sea  last  winter,  while  en  route  to  the  mouth  of  the 
Sabine  River. 


place  by  means  of  electricity.  In  this 
system  a  grade  is  fixed  upon  a  little 
lower  than  the  level  required  for  the 
channel,  in  order  to  dispense  with  pick- 
ing up  the  fragments  of  debris  from  the 
excavation,  which  is  sometimes  expens- 
ive. 

Among  the  processes  of  sub-marine 
blasting  may  be  always  found  that  which 
consists  of  sinking  holes,  in  which  cart- 
ridges are  placed.  For  this  purpose 
steam  drills  mounted  on  flying  scaffolds 
are  used. 

In  a  model  (not  on  exhibition)  which 
was  shown  me  several  weeks  ago  by  Mr. 
Julius  H.  Stredinger,  (one  of  the  assist- 
ant engineers  to  Gen.  Newton,  at  Hell 
Gate,  near  New  York)  the  scaffold  was 
not  fixed,  but  was  held  in  place  by  four 
sliding  legs  which  carried  it,  and  which 
is  made  to  rise  or  fall  by  means  of  racks. 
When  it  is  wished  to  move  the  apparatus, 
a  special  ponton  is  advanced  and  inserted 
between  the  legs,  and  these  being  raised 
the  pontons  support  the  scaffold  which 
can  then  be  carried  somewhere  else. 

This  method,  already  employed  in 
spoon  and  shell  dredges,  avoids  the  use 
of  long  guys  which  are  often  so  trouble- 
some to  other  boats  or  vessels. 

C.  DIKES  FOE  NARROWING  THE  CHANNEL  ; 
THEIR  USE  FOR  IMPROVING  MOUTHS  OF 
RIVERS. 

1ST.    TRIBUTARIES    OF    THE    GREAT     NORTHERN 
LAKES. 

Americans  have  improved  several 
mouths  of  rivers  by  means  of  dikes. 
Combined  with  dredging,  this  system 
has  succeeded  in  opening  ports  at  the 
mouths  of  streams  which  flow  into  the 
grand  lakes  of  the  North.  The  bars 
which  obstruct  these  streams  are  princi- 
pally produced,  as  at  the  embouchure  of 
the  rivers  of  the  Baltic,  by  the  action  of 
the  waves  on  the  movable  material  of  the 
shore. 

It  can  be  seen,  consequently,  that  by 
means  of  parallel  jetties  prolonged  a 
sufficient  distance  from  the  shore,  it  lias 
been  possible,  either  to  prevent  in  the 
future  the  changes  of  the  shore,  or  to 
arrest  for  a  longer  or  shorter  period  the 
movable  matter  which  is  carried  along 
the  coast,  as  has  been  done  since  1821  at 
the  mouth  of  the  Oder. 
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jjf  Below  will  be  found  a  table  of  depths 
obtained  on  the  bars. 


Originally. 

In  1875 

At  Racine 

Meters 
0.90 
2.13 
0.60 
0.30 
0.90 
0.20 

Meters. 
4.57 
5.18 

4.27 

At  Michigan  City. . 
At  Erie 

3.66 
4.57 

At  Buffalo 

4.57 

2d.    THE    MISSISSIPPI. 

A  nmcli  more  important  undertaking 
has  been  in  process  of  execution  since 
1875,  viz.,  the  improvement  of  the  em- 
bouchure of  the  Mississippi. 

It  was  debated  at  first  whether  it  was 
best  to  construct  a  lateral  canal,  that  is 
to  say,  a  canal  connecting  the  deep  por- 
tion of  the  river  with  the  sea,  or  to  un- 
dertake the  destruction  of  the  bar 

The  Government  engineers,  in  1874, 
submitted  a  plan  for  a  canal  as  the  only 
certain  solution  of  the  j)robleni.  This 
canal,  11  kilometers  long,  was  to  be  con- 
nected with  the  river  near  Fort  St. 
Philips — 60  kilometers  from  the  mouth 
— and  from  this  point  was  to  take  an 
easterly  direction  in  a  straight  line  and 
empty  to  the  South  of  Breton  Island. 
The  other  plan  has  also  found  strong 
supporters,  who  have  protested  against 
the  idea  of  subjecting  such  an  important 
commercial  undertaking  to  the  disad- 
vantages of  a  lock,  and  dwelt  on  the 
benefits  of  a  navigable  pass  of  sufficient 
capacity  and  practicable  at  all  times. 

In  a  word  everything  possible  has 
been  said  and  written  on  the  subject 
exactly  as  was  done  in  France,  when,  in 
reference  to  the  embouchure  of  the 
Bhine,  the  same  question  was  submitted 
to  a  commission  instituted  by  ministerial 
decree  of  Dec.  14,  1843,  and  whose  in- 
quiries were  started  on  a  similar  plan  by 
Engineer  Turrell. 

In  this  situation  the  President  of  the 
United  States  also  appointed  a  commis- 
sion who  began  by  visiting  all  similar 
works  in  Europe,  and  who  selected  as 
was  done  in  France  in  1852  the  plan  of 
improving  the  bed  of  the  river. 

Unlike  the  work  done  for  the  Bhone 
which  was  considered  as  an  experiment 
and  for  which  the  small  sum  of  1,500,000 
francs  was  expended,  the  dikes  designed 


by  the  American  Commission  were  esti- 
mated to  cost  a  much  larger  amount  of 
money. 

But  the  partizans  of  the  system,  at 
whose  head  was  Mr.  James  B.  Eads  (of 
St.  Louis,  Mo.,)  offered  to  execute  the 
work  at  their  own  risk.  This  offer  was 
accepted  by  Congress,  March  3,  1875  and 
in  June  following  Mr.  -Eads  began  work. 

Let  us  examine  the  question  from  its 
technical  point  of  view:  What  were  the 
arguments  entered  into  on  both  sides; 
what  works  have  been  executed,  and  what 
have  been  the  results  up  to  the  present 
time? 

Description. — The  head  of  the  passes 
is  20  kilometers  from  the  sea.  The  river 
here  divides  into  three  branches  which 
are  continually  extending,  while  the  bars 
at  the  mouths,  caused  by  the  deposits  of 
mud,  advance  into  the  sea. 

The  river  transports  annually  in  the 
neighborhood  of  190  millions  of  cubic 
meters,  or  more  than  ten  times  that  car- 
ried by  the  great  Rhone. 

The  South  Pass,  which  was  chosen  for 
improvement,  has  hardly  700  feet  (213 
meters)  of  average  width.  The  width 
of  the  bar,  measured  on  the  axis  of  the 
channel  between  the  two  curves  of 
6m.70  depth,  was  3,600  meters  in  June, 
1875,  for  about  800  meters  the  depth  of 
the  water  was  scarcely  more  than  2m50, 
consequently  his  South  Pass  was  seldom 
or  never  used  by  Commerce. 

I  will  add  that  from  1838  to  1874, 
during  a  period  of  35  years,  the  bar  had 
advanced  about  30  meters  on  an  average 
per  year  (while  the  annual  advance  of 
the  bar  in  the  South  West  Pass  had  been 
90  meters). 

Contract. — Mr.  Eads  was  authorized 
to  execute  such  jetties  as  he  might  think 
proper  to  produce  a  wide  and  deep  chan- 
nel across  the  bar  at  the  mouth  of  the 
South  Pass. 

The  width  to  be  secured  between  the 
jetties  was  not  to  be  less  than  700  feet. 

The  contractor  is  engaged  to  secure 
the  following  results : 

1°.  In  30  months  from  March  3,  1875, 
a  depth  of  20  ft.  (6m10)  at  least,  this 
depth  to  be  reckoned  from  the  lowest 
level  of  high  water  in  the  sea  where  the 
stream  is  at  low  water. 

2°  A  farther  deepening  of  at  least  2 
feet  (0m61)  in  the  course  of  each  of  the 
three    succeeding    years.       The    whole 
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depth  thus  becoming  26  ft.  (7m93).  If 
either  of  these  conditions  are  not  fulfilled 
the  contract  becomes  null  and  void. 

On  the  other  hand,  Mr.  Eads  guaran- 
tees to  obtain  30  feet  of  water  (9m15),  in 
consideration  of  which  the  Government 
is  pledged  to  pay  him,  first,  the  sum  of 
$5,250,000  (26,250,000f.)  for  the  jetties 
and  other  works  which  become  the 
property  of  the  Government ;  second,  an 
annual  sum  of  $100,000 — for  the  mainten- 
ance of  the  works  as  soon  as  the  depth 
of  20  ft.  is  obtained — up  to  the  final  de- 
livery of  the  works. 

Payments  of  $500,000  on  account,  will 
be  made  when  the  minimum  depth 
reaches  successively  20,  22,  and  24  ft.  on 
minimum  widths  respectively  of  200,  250, 
300  and  350  ft.  The  Government  will 
retain  as  a  guarantee  the  last  million 
dollars  for  10  years  and  $500,000  for  10 
years  more. 

In  addition  to  which  the  delay  of  the 
guarantee  will  cease  to  run,  and  the 
annual  subsidy  of  100,000  francs  will 
cease  to  be  paid,  during  periods  when  the 
channel  shall  be  less  than  30  feet  deep  or 
350  feet  (106m75)  wide. 

Lastly,  the  government  will  have  au- 
thority to  take  possession  of  the  jetties 
at  any  time,  by  paying  the  contractor  the 
sum  retained  as  guaranteed  and  releasing 
him  from  all  responsibility. 

The  Act  of  Congress  of  March  3,  1875, 
explicitly  provides  that  Mr.  Eads  shall 
have  full  liberty  as  far  as  relates  to  the 
line  of  the  jetties,  their  construction  and 
method  of  execution  ;  but  stipulates  that 
they  shall  be  substantial  and  durable  and 
capable  of  indefinite  maintenance  at  a 
reasonable  annual  expenditure. 

In  any  event  the  Government  will  not 
be  responsible  for  losses  that  Mr.  Eads 
may  sustain  in  the  course  of  the  work. 

Principle  of  the  System. — Before 
mentioning  what  tnis  bold  contractor 
has  done  and  obtained  up  to  this  time, 
it  is  well  to  indicate  the  basis  of  his  con- 
fidence in  the  success  of  the  plans. 

The  South  Pass  of  the  Mississippi  pre- 
sents the  characteristic  features  of  rivers 
flowing  with  tideless  seas.  After  re- 
maining constant  for  15  kilometers  the 
transverse  section  changes. 

The  banks  created  by  the  river  itself 
widen  as  they  approach  the  sea  in  which 
they  disappear,  at  the  same  time  the  lat- 
ter is  raised  by  a  slope  the  back  bone  of 


which,  constituting  the  bar,  is  found 
some  kilometers  distant.  By  prolonging 
the  banks  artificially  by  two  jetties  it  is 
evident  that  the  bar  will  be  attacked.  It 
will  re-form  a  little  farther  out  as  was  the 
case  with  the  Rhone,  but  a  temporary 
deepening  will  result.  Here  is  the  point 
made  by  Mr.  Eads.  If,  said  he,  jetties 
sufficiently  long  are  built  rapidly  in  a 
few  years,  so  that  the  deposits  will  take 
place  in  the  deep  portions  of  the  sea 
(where  the  gradual  foundation  on  which 
the  bar  will  elevate  itself  will  take  place; 
the  re  formation  of  the  obstacle  can  be 
postponed  for  a  century.  It  is  sufficient 
to  take  suitable  advance  on  the  natural 
elongation  of  the  £>ass ;  for  an  elongation 
of  30  meters  a  year  1  kilometer  of  dike 
will  give  more  than  30  years  of  advance. 

EXECUTION. 

By  the  last  of  the  year  1876,  the  South 
Pass  terminated  in  an  artificial  channel 
300  meters  wide,  comprised  between 
two  parallel  dikes  constructed  at  the 
same  time  over  their  whole  length  up  to 
a  point  beyond  the  crest  of  the  bar  where 
there  was  originally  35  feet  of  water 
(10m.  67). 

These  dikes  are  similar  to  those  of 
Holland,  gravel  and  stone  being  lacking 
at  the  mouth  of  the  Mississippi ;  one  of 
these  was  3650  meters  long,  the  other 
2500. 

The  scour  has  been  further  aided 
by  numerous  transverse  dikes  and  by 
dredging. 

If  one  imagines  the  channel  divided 
into  six  portions  of  600  meters  each  the 
deepening  obtained  from  June  1875  to 
November,  1876  has  been: 

m.50  in  the  2d  portion. 
lm.33  in  the  3d  portion. 
3m.35  in  the  4th  portion. 
3m.47  in  the  5th  portion. 
3m.39  in  the  6th  portion. 

On  November  14,  1876,  the  two  20  ft. 
(6m.10)  curves  on  each  side  of  the  bar 
were  joined  (reckoned  from  the  average 
sea  level  at  high  tide  and  at  low  water  of 
the  river). 

The  minimum  depth  of  6m.10  having 
extended  over  a  width  of  at  least  60 
meters,  Mr.  Eads  received  his  first  pay- 
ment, on  account,  of  2,500,000  francs,  in 
the  Month  of  January,  1877.  December 
15,  1877  the  depth  having  reached  6m.70 
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over  a  width  of  from  60  to  80  meters  Mr. 
Eads  received  his  second  payment  of 
2,500,000  francs. 

Present  Situation. — Since  then  six 
months  have  passed.  "What  is  the  present 
condition  of  things?  Is  Mr.  Eads  still 
confident  of  success  ?  I  have  before  me 
the  three  following  documents: 

1.  A  petition  signed  the  7th  of  May 
1878,  from  Mr.  Eads  to  the  Secretary  of 
"War,  with  a  view  of  obtaining  several 
modifications  in  the  conditions  of  the 
contract. 

2.  A  report  on  this  subject  from  a 
special  commission  consisting  of  two 
Government  engineers. 

3.  Lastly,  a  letter  from  the  Secretary 
of  War  transmitting  the  document  to 
the  Senate  approving  the  conclusion  of 
the  Commission. 

Mr.  Eads  states  that  the  expenditure 
made  to  accomplish  the  results  have  con- 
siderably exceeded  his  anticipations,  and 
that  the  interest  is  exhausting  him.  He 
asks  that  the  time  during  which  the  suc- 
cessive depths  should  be  maintained,  in 
order  to  secure  a  new  payment  on 
account,  should  be  shortened. 

Commerce  has  the  greatest  possible 
interest  in  as  speedy  a  termination  of  the 
works  as  possible.  Equal  profit  to  the 
public  treasury  would  ensue,  relieved  as  it 
would  be  from  interest  paid  the  contractor 
of  5  per  cent,  in  the  grants  which  have 
been  complied  with  in  principle  but 
whose  payment  is  postponed. 

Besides  this,  Mr.  Eads  asks  for  a  pro- 
visional reduction  of  the  minimum  widths 
of  the  channel  for  the  successive  depths ; 
remarking  that  the  Commission  of  engi- 
neers of  1874  who  prej)ared  the  contract 
abstained  from  fixing  any  width,  and  that 
this  stipulation  added  afterwards  by  a 
legislative  committee,  assumed  relations 
between  the  depth  and  width  of  the 
channel  which  could  not  be  realized  in 
practice.  Thus  to  obtain  finally  a  width 
of  350  feet  (107  meters)  a  greater  depth 
of  channel  than  30  feet  (9m.  15)  would 
have  to  be  secured,  and  that  these  di- 
mensions exceeded  the  real  needs  of  navi- 
gation.    Mr.  Eads  concludes  by  asking : 

1.  That  the  progress  of  the  deepening 
be  verified  foot  by  foot. 

2.  That  the  corresponding  widths  be 
modified,  following  a  scale  which  he  indi- 
cates. That  instead  of  the  increase  from 
250  to  350  feet  when  the  depth  is  in- 


creased from  24  to  30  feet,  the  width,  on 
the  contrary,  shall  decrease  from  150  feet 
to  100. 

3.  Lastly,  that  the  payments  be  divi- 
ded with  7  subsidies,  diminishing  con- 
surrently  from  $750,000  to  $250,000,  the 
whole  not  to  exceed  the  limits  of  the 
total  grant. 

The  reserve  guarantee  would  be  main- 
tained at  one  million  dollars. 

Lastly,  Mr.  Eads  m-ges,  with  incontesti- 
ble  eloquence,  the  right  which  he  has  to 
the  concessions  that  he  solicits. 

In  the  report  of  Messrs.  J.  G.  Barnard 
and  H.  G.  Wright,  let  us  consider  only 
some  of  the  technical  reviews  of  the  work 
executed. 

To  attain  the  character  of  solidity 
and  of  durability  which  the  law  requires, 
the  jetties  should  be  enlarged  and  rivet- 
ed with  stone.  This  treatment  is  par- 
ticularly necessary  at  the  extremities  of 
the  jetties  where  the  dikes  subside  from 
the  settling  of  the  mattresses  and  the 
subsoil,  while  the  sea  breaks  over  them. 

The  Commission  of  1874  estimated 
that  ^  of  the  jetties  would  be  made  of 
stone  and  §  fascines.  They  had  antici- 
pated that  more  than  150,000  cubic  meter 
of  stone  would  be  necessary.  Instead  of 
this,  only  enough  stone  has  been  used  to 
aid  the  sinking  of  the  mattresses,  with 
about  15,000  cubic  meters  added;  and  Mr. 
Eads  announces  that  half  as  much  is 
delivered.  In  this  case,  he  is  far  from 
the  estimated  section.  However  this 
may  be,  the  Commission  is  of  the  opin- 
ion that  the  works  are  being  properly 
executed,  that  their  success  is  probable,, 
and  that  now  the  government  and  the 
country  are  both  interested,  not  only  in 
the  continuance  of  the  work,  but  in  its 
rapid  execution.  .The  Commission  argues 
with  the  petitioner  that  26  feet  depth 
(7m.  93)  is  sufficient,  and  that  if  30  feet 
was  talked  of  it  was  to  allow  a  margin. 

The  statement  is  added  that  on  the 
bars  of  the  Mississippi  the  whole  depth 
of  the  water  is  available.  By  way  of  in- 
formation the  report  adds  that  85  per 
cent  of  the  entire  shipping  of  the  world 
does  not  draw  more  than  23  feet 
(7  meters),  that  26  feet  (7m.93)  draft  is 
the  maximum  required  for  the  regular 
traffic  on  the  bar  at  the  entrance  of  New 
York.  Lastly,  that  the  largest  vessel 
that  ever  crossed  this  bar  drew  only  28 
feet  (8m.54). 
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The  report  of  the  Commission  is  evi- 
dently favorable  as  a  whole  to  Mr.  Eads' 
petition.  It  advises,  however,  that 
Congress  alone  can  authorize  the  modifi- 
cations asked  for,  as  far  as  relates  to  the 
widths  and  to  the  payments  of  the 
subsidies. 

This  work  so  full  of  interest  is  unrep- 
resented at  the  Exposition.  It  is  never- 
theless remarkable  from  more  than  one 
point  of  view. 

This  is  one  of  the  boldest  enterprises 
that  has  ever  been  risked  by  private 
energy. 

The  results  already  obtained  surpass 
from  a  professional  point  of  view,  and  in 
material  importance,  all  that  has  pre- 
viously been  done  for  the  jetting  of 
rivers. 

If  the  results  are  obtained  and  com- 
pleted without  the  jetty  system  proving 
too  expensive,  a  veritable  commercial 
revolution  will  have  been  accomplished 
not  only  for  New  Orleans  but  for  the 
whole  basin  of  the  Mississippi. 

§  2. 

RAILWAYS LONG    SPAN    BBIDGES. 

The  most  important  works  of  art  neces- 
sary for  railways  or  roads  are  those  which 
enable  them  to  cross  streams. 

In  America  these  are  almost  the  only 
works  which  merit  attention,  for  exten- 
sive cuttings  are  rare,  large  embankments 
rarer  still,  subterranean  works  are  few 
and  of  short  length,  if  we  except  the 
Hoosac  tunnel,  7  kilometers  long,  con- 
structed at  the  expense  of  the  State  of 
Massachusetts  to  shorten  the  distance 
from  Boston  to  Albany  and  Buffalo. 
(This  tunnel  was  opened  for  travel  in 
1876). 

In  the  greater  part  of  the  United 
States,  good  building  stone  is  lacking, 
thus  bridges  are  constructed  only  in 
wood  and  iron.  Wooden  bridges,  the  only 
ones  known  up  to  about  1840,  are  not 
built  now,  except  as  a  temporary  measure, 
or  when  sufficient  capital  at  first  is  lack- 
ing. This  is  the  reason  why  almost  all 
of  the  interesting  bi'idges  are  of  iron. 

Another  notable  fact  in  the  United 
States  is  that  the  rivers  if  they  are  few 
in  number  are,  on  the  other  hand,  very 
large. 

Their  general  direction  is  North  or 
South,  like  the  Alleghanies,  the  Rocky 
Mountains,    or    all   the    great    physical 


features  of  the  American  continent.  Thus 
they  constitute  barriers  which  averted  the 
western  expansion  of  colonization,  first 
at  the  Ohio,  then  at  the  Mississippi  and, 
lastly,  at  the  Missouri.  The  necessity  of 
crossing  these  streams  arose. 

Another  difficulty  of  the  problem  carne 
from  the  nature  of  the  beds  of  these 
rivers  which  are  composed  in  the  ma- 
jority of  cases  of  moving  sand,  10,  20  or 
30  meters  deep.  The  difficulties  attend- 
ing the  foundations  resulted  in  spacing 
the  points  of  supports  much  farther  apart 
than  is  generally  the  case  in  Europe. 

Iron  bridges  of  large  span  form  a  truly 
original  feature  in  the  public  works  of 
the  United  States.  The  construction  of 
some  of  these  bridges  has  cost  one  mil- 
lion dollars,  others  two  millions,  and  the 
St.  Louis  bridge  cost  much  more.  Emi- 
nent engineers  occupy  themselves  wholly 
with  iron  bridges ;  large  companies  have 
made  an  almost  exclusive  specialty  of 
their  construction.  The  Keystone  and 
the  Phoenixville  of  Philadelphia ;  the 
American  Bridge  Co.  of  Chicago;  the  Dela- 
ware Co.  of  New  York,  and  the  one  di- 
rected by  Mr.  Pope  in  Detroit ;  the  Wat- 
son Co.  at  Paterson,  N.  J.,  besides  others. 

Table. 

1st.  fixed'  spans  of  teuss  beidges. 

Spans. 
Meters. 
In  1862  there  were  in  the  United  States 
(we  believe)  but  2  long  span  bridges, 
these  were  designed    by   Mr.    Albert 

Fink ;  the  spaces  were 61 .  00 

Then  the  Monongahela  bridge  was  built, .  79 .  30 
And  another  on  the  Ohio  at  Steubenville .  97 .  60 

t    -to^no    +i  ±i    ™  •    (  at  Bellaire.  .106.75 

In  18692  others  on  the  Ohio  -j  t.  Louisvfflel22  .  00 

In  1871  over  the  Missouri  at  St.  Charles.  91  50 

In  1871  over  the  Ohio  at  Cincinnati 156.00 

In  1871  over  the  Hudson  at  Poughkeepsie 
one  was  commenced  which  will  have  5 
spans  of 160 .  12 

2d.    DBAW    BEIDGES WITH  TWO  SYMMETBICAL 

TEUSSES. 

Meters. 

*■«*  ot  ,he  floor  i;av;;:;:g:^ 

(  at  Dubuque. . .  ) 
Over  the  Mississippi  -]  at  Kansas  Citv  >  109 .  SO 

(  at  Keokuk....*.  )  118. OS 
From  1873  to  1875  over  the  Missouri  at 

Atchison 111.32 

[A  similar  bridge  is  about  to  be  erected 
at  the  port  of  Marseilles.     The  plan  was 
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approved  April  1,  1878,  bv  the  Minister 
of  Public  Works.  The  total  length  of 
the  floor,  including  a  bearing  of  0m.90  on 
each  of  the  two  abutments,  will  be  73m.80]. 

3d.  suspension  bridges. 

Meters. 
1855  Niagara  Bridge  (lower)  2  stories. .  .250.20 

1860  Pittsburgh  Bridge  105 .  00 

—    Wheeling  Bridge  over  the  Ohio . . .  308 .  05 
1867  Cincinnati  Bridge  over  the  Ohio. .  .322.00 

1869  Upper  Niagara  Bridge 386.44 

1877  Minneapolis  near  St.  Anthony,  Min.205.90 
1877  Point  bridge  over  the  Monongahela. 

at  Pittsburg 244.00 

1877  East  Kiver  bridge  under  construc- 
tion  493.00 

4th.    ARCH    BRIDGE    AT    ST.    LOUIS. 

A  central  arch  of  158 .  60 

Two  others  of 157.07 

SUPERSTRUCTURE. 

A.  Pin  Trusses. — All  the  large 
bridges  consisting  of  straight  trusses 
continue  to  be  built  on  a  system  much 
better  known  to-day  in  Europe  than  it 
was  in  1870.  The  characteristic  features 
may  be  stated  as  follows : 

A  chord  of  channel  beams  of  3  or  4 
meters  length,  often  united  by  cast  iron 
boxes,  and  another  chord  of  eyebars 
united  by  pins  are  connected  by  posts  on 
ties  variously  combined,  always  jointed 
by  pins  on  the  lower  chord  and  some- 
times on  the  other  in  such  a  way  that 
each  member  is  never  subjected  to  but  a 
single  stress,  tension  or  compression,  of 
which  the  maximum  determines  the  sec- 
tion necessary  to  be  given  to  each  piece. 

This  method  should  conduce  to  a 
reduction  of  weight  and  a  consequent 
economy.  But  this  is  not  the  only  ad- 
vantage. Others  may  be  found  in  the 
small  opportunity  offered  for  rust,  the 
metal  following  the  hues  of  strains;  in 
the  opportunity  for  inspecting  and  re- 
painting from  time  to  time ;  in  the  facility 
■of  transportation — each  piece  isolated 
having  but  short  length;  in  the  small 
.area  offered  to  the  wind  by  the  large 
lattices,  which  also  do  not  retain  the 
snow  upon  the  floor  of  the  bridge. 

In  fact,  the  persistent  use  of  the 
system  in  the  United  States  proves  con- 
clusively that  it  preserves  all  its  merits 
in  the  eyes  of  Americans. 

Riveted  lattice  bridges  are  only  em- 
ployed in  a  Hmited  measure.  They  seem 
to  constitute  a  specialty  for  a  firm  estab- 


lished at  Rochester  (State  of  New  York) 
— the  Leighton  Bridge  &  Iron  Works. 

The  comparative  merits  of  the  two 
systems,  which  differ  essentially  in  the 
methods  of  uniting  the  members,  is  diffi- 
cult to  determine  on  account  of  the  lack 
of  comparative  data  on  the  weights  of 
metal  employed  and  the  cost  of  labor,  as 
well  in  the  workshop  as  in  erection. 

There  is  another  consideration  which 
prevents  our  employing  pin  bridges  in 
France. 

While  the  iron  and  steel  employed  in 
American  bridges  is  always  of  a  superior 
quality,  the  manufacturers  in  Europe 
where  riveted  bridges  are  made,  are  far 
from  regarding  a  rigorous  choice  of  iron 
employed  in  their  bridges  as  equally 
necessary.  Then  again  these  shops  have 
not  the  special  tools  which  allow  Ameri- 
cans to  manufacture,  so  surely  and  eco- 
nomically, pieces  of  which  the  types  are 
limited.  These  special  tools  our  work- 
shops could  procure,  but  they  do  not 
do  so  for  the  reason  that  they  would  not 
have  use  for  them. 

B.  Suspension  Bridges,  invented  in 
America  near  the  end  of  the  last  century, 
have  been  perfected  during  the  last  30 
years. 

By  an  excellent  combination  of  sus- 
pended cables  and  longitudinal  trusses 
and  ties  uniting  the  floor  to  the  supports 
of  the  bridge;  by  the  inclination  given 
in  plan  to  the  cables  and  the  addition  of 
exterior  guys;  lastly,  by  improvements 
introduced  in  the  manufacture  of  and 
methods  of  attaching  the  wire  cables, 
Americans  have  succeeded  in  building 
bridges,  more  expensive  without  doubt, 
but  perfectly  substantial,  and  which  have 
solved  problems  unapproachable  by  all 
other  systems. 

Since  1870,  a  large  suspension  bridge 
was  built  at  Pittsburg,  and  the  construc- 
tion of  the  East  River  Bridge  in  New 
York  has  been  continued. 

Point  Bridge. — The  first,  constructed 
in  two  years  (1873-1875)  carries  a  double 
track  and  two  side-walks.  The  floor  has 
a  width  of  10m.37  between  centers  of 
rails.  The  length  of  the  principal  span 
(center  to  center  of  piers)  is,  as  I  have 
already  indicated,  244  meters.  The 
height  left  under  the  bridge  at  low 
water  is  24m.40.  The  suspension  chains 
are  not  formed  of  wires  as  in  the  Roeb- 
ling  bridges.    They  are  composed  of  bars 
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■6m.25  long  side  by  side,  and  united  at 
their  extremities  to  the  next  bars  by  a 
pin  or  hinge  of  0m.15  diameter. 

The  method  employed  to  give  the 
bridge  great  stiffness  consists  mainly  in 
the  fact  that  the  chains  are  connected  with 
the  floor  by  posts  not  susceptible  of  flex- 
ure, while  each  half  chain  acts  as  the 
lower  chord  of  an  inclined  truss,  of  which 
the  upper  chord  descends  in  a  straight 
line  from  the  summit  of  the  tower  to  the 
center  of  the  floor.  Posts  and  diagonal 
bracing  all  jointed  unite  the  two  chords. 
The  upper  chord,  formed  of  channel  bars 
and  plates,  gives  a  rectangular  section  of 
0m  56  width  and  0m  33  height.  The  dis- 
tance between  the  two  chords  is  6m  71. 

The  East  River  Bridge. — The  two 
piers  and  the  abutments  of  this  bridge 
were  conrpleted  in  1873,  but  the  continu- 
ation of  the  work  has  been  subjected  to 
long  delays  on  account  of  financial  diffi- 
culties. The  cities  of  New  York  and 
Brooklyn  have  now  charge  of  the  enter- 
prize  instead  of  the  original   company. 

The  superstructure  is  in  course  of 
■erection.  A  section  of  one  of  the  prin- 
cipal cables  can  be  seen  at  the  Exposi- 
tion. It  is  formed  of  6000  cast  steel 
wires  galvanized.  Its  diameter  is  about 
Om45.  Its  resistance  to  rupture  is  esti- 
mated at  10  tons.* 

II.    FOUNDATIONS. 

Foundations  by  compressed  air,  in- 
vented in  France  in  1841  by  M.  Triger 
and  applied  ten  years  later  to  the  recon- 
struction of  the  Rochester  Bridge,  were 
introduced  in  America  in  1855.  They 
have  been  notably  applied  there,  on  a 
scale  unknown  in  Europe,  to  the  two 
great  bridges  at  St.  Louis  and  New 
York. 

Among  other  differences  one  remarks, 

First.  The  immense  area  of  the 
caissons  (reaching  nearly  16  arcs  in  the 
New  York  Bridge). 

Secondly.  The  substitution  of  massive 
timber  work  for  iron  in  the  caisson  of 
this  same  New  York  bridge,  where  the 
thickness  of  the  platform  reached  7 
meters. 

Third.  The  employment  of  a  machine 
■called  a  sand  pump  in  the  St.  Louis 
bridge. 

Fourth.    The    great    working    depth 

*  Sote  by  Translator.    Perhaps  10,000  tons  is  meant. 


(33m.70)  under  water  which  was  reached 
in  this  same  bridge. 

Fifth.  Lastly,  and  above  all,  the  loca- 
tion of  the  air  chambers  at  the  bottoms 
of  the  wells. 

Attacked  on  a  grand  scale  from  the 
end  of  1869,  the  foundations  of  one  of 
the  piers  of  the  St.  Louis  bridge  were 
far  advanced  when  I  visited  there  in 
September,  1870.  I  was  very  much 
struck  with  the  air  locks  which,  instead 
of  being  placed  above  the  level  of  the 
water  and  removed  whenever  it  became 
necessary  to  lengthen  the  wells  of  access 
to  the  working  chamber,  were  established 
as  a  fixture  in  the  chamber  itself.  The 
descent  was  thus  made  in  a  central  well 
in  the  ordinary  atmosphere  by  means  of 
a  large  cage  3  meters  in  diameter.  In 
the  well  a  circular  staircase  was  built, 
which  later  gave  place  to  an  elevator. 

The  descent  was  thus  made  to  a  point 
6  feet  below  the  ceiling  of  the  caisson, 
then  by  a  door  on  a  level  with  the  air 
chambers,  which  was  two  meters  in 
diameter.  "When  the  equilibrium  of 
pressure  was  once  established  the  out- 
side door  opened  itself,  and  nothing  more 
was  to  be  clone  but  to  jump  to  the  earth 
from  a  height  of  about  0m.80.  In  air 
thus  strongly  compressed  it  became  at 
least  necessary  to  reduce  the  time  of 
labor  to  less  than  an  hour.  "What  an  ad- 
vantage not  to  be  obliged  to  subtract  the 
time  necessary  to  ascend  and  descend 
a  height  equivalent  to  10  stories  of  a 
Parisian  house.  "What  relief  to  the 
laborers,  generally  overcome  with  fatigue 
and  reeking  with  prespiration  at  the  end 
of  their  task.  What  convenience  for  the 
transmission  of  orders,  for  the  introduc- 
tion of  tools,  in  fact  for  all  kinds  of  com- 
munications. Besides  the  space  neces- 
sary for  the  compressed  air  was  much  re- 
duced, and  it  was  no  longer  necessary  to 
construct  the  portion  of  the  wall  situated 
above  the  chamber  of  heavy  plate  iron. 

It  was  sufficient  that  it  should  be  pro- 
tected from  any  water  which  might  filter 
through  the  masonry  by  an  external  skin 
of  iron,  or  much  more  economically  (as 
was  done  by  Mr.  Eads  in  1870)  by  an  in- 
terior lining  of  pine  wood  staves.  The 
publicity  given  in  1873  to  the  description 
of  the  St.  Louis  bridge  had  the  effect  to 
bring  forward  the  fact,  that  in  the  con- 
struction of  the  Cologne  bridge  over  the 
Rhine  an  air  chamber  had  been  placed 
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permanently  in  the  working  chamber  as 
at  St.  Louis.  This  idea  was  elaborated 
jointly  in  1869  by  M.  Masson,  builder, 
and  M.  Sadi  Carnot,  ingenieiir  des  pouts 
et  chaussees. 

It  was  carried  out  in  the  Spring  of 
1870  under  an  effective  head  of  water  of 
about  8  meters.  This  work  is  represented 
to-day  with  the  rest  in  the  French  section 
of  the  Exposition,  in  the  pavilion  of  the 
Minister  of  Public  Works. 

The  reputation  of  M.  Masson  will  lose 
nothing  by  the  simultaneous  execution 
of  the  Cologne  and  St.  Louis  bridges. 
"While  M.  Sadi  Carnot  should  be  doubly 
happy  at  the  importance  which  the  in- 
vention to  which  he  contributed  has 
taken  in  America;  an  invention  carried 
out  perhaps  at  the  right  moment,  by  an 
intelligent  breeze  from  the  banks  of  the 
Rhone  to  those  of  the  Mississippi. 

CONCLUSION. 

Of  the  facts  before  mentioned,  the  fol- 
lowing concluding  summary  may  be 
made : 

Americans  have  proved  that  it  is  possi- 
ble to  construct  readily  bridges  of  100 
meters  and  more  of  span.  In  countries 
where  the  need  is  not  felt  in  a  similar 
degree,  one  should  at  least  conclude 
from-  these  examples  that  it  is  best  to 
look  twice  before  constructing  bridges 
which  may  impede  navigation  and  prove 
obstacles  to  the  flow  of  freshets. 

As  regards  river  bridges  we  can  (at 
least  in  the  present  state  of  the  question) 
retain  riveted  lattice  bridges  and  leave 
to  Americans  those  pin  bridges  of  large 
lattice  which  they  have,  nevertheless, 
made  so  useful.  But  'all  nations  can 
learn  from  America  useful  lessons  on 
the  art  of  compressed  air  foundations. 

In  that  country  where  the  construction 
of  railways  is  nearly  completed,  govern- 
ment and  public  opinion  return,  after  40 
years  of  interval,  to  navigable  routes. 
They  are  occupied  to-day  not  only  in 
creating  great  lines  where  they  did  not 
exist  before,  but  also  with  improving  and 
completing  existing  lines.  When  traffic 
is  abundant  a  good  navigable  line  will 
transport  freight  much  cheaper  than  a 
good  railway.  They  are  the  natural 
counterweights  to  the  omnipotence  of 
railways  and  the  most  efficacious  regu- 
lator of  bulky  and  heavy  freights.  To 
that  end,  the  Federal  Government  is 
studying  with  much  care  improvements 


relating  to  the  system  of  interior  naviga- 
tion. It  is  itself  executing  works  whose 
expense  can  be  estimated  with  exactness 
and  whose  results  are  certain.  But  it 
leaves  to  local  interest  and  private 
industry  the  responsibility  of  adventures 
similar  to  those  which  are  being  accom- 
plished at  the  mouth  of  the  Mississippi. 
While  the  government  abstains  here, 
Mr.  Eads  and  his  associates  are  going 
ahead  and  each  is  in  his  place.  We  can 
but  approve  the  reserve  of  the  govern- 
ment, but  how  can  we  help  admiring  Mr. 
Eads,  who  is  wrestling  with  the  bar  of 
the  Mississippi,  foot  by  foot,  and  giving 
blows  which  recall  those  of  the  gallant 
warriors  of  Charlemagne.  Let  us  hope 
for  him,  that  the  extremities  of  his  jetties 
will  neither  be  carried  off  by  tempests 
nor  engulfed  by  moving  sand,  that  his 
mattresses  will  be  imbedded  in  mud 
before  being  devoured  by  the  teredo 
navalis.  Lastly,  that  the  bar — tempora- 
lly put  to  flight,  will  not  reappear  before 
the  time  apj^ointed  by  its  undaunted 
enemy.  Whatever  the  definite  result  of 
this  gigantic  hydraulic  river  experiment 
may  be,  it  has  a  right,  it  seems  to  me,  to  the 
sympathy  and  attention  of  the  engineers 
assembled  at  the  Exposition,  who  have  a 
common  interest  in  that  progress  of 
which,  their  art  will  always  be  capable. 


The  following  gentlemen  have  been 
appointed  as  Commissioners  for  the  pur- 
pose of  inquiring  and  reporting  whether, 
with  respect  to  the  influence  of  fluctua- 
tions of  atmospheric  pressure  upon  the 
issue  of  fire-damp  from  coal,  to  the 
adoption  and  efficient  application  of 
trustworthy  indicators  of  the  presence  of 
fire-damp,  and  generally  to  systematic 
observation  of  the  air  in  mines,  to  im- 
proved methods  of  ventilation  and  illu- 
mination, to  the  employment  of  explosive 
agents  in  the  getting  of  minerals,  and  to 
other  particulars  relating  to  mines  and 
mining  operations,  the  resources  of 
science  furnish  any  practicable  expe- 
dients that  are  not  now  in  use  and  are 
calculated  to  prevent  the  occurrence  of 
accidents  or  limit  their  disastrous  conse- 
quences:— Mr.  Warington  W.  Smyth, 
F.R.S.,  Sir  George  Elliot,  M.P.,  Mr.  F.  A. 
Abel,  C.B.,  Mr.  Thomas  Burt,  M.  P.,  Mr. 
Robert  Bellamy  Clifton,  F.  R.  S.,  Pro- 
fessor Tyndall.  F.  R.  S.,  Mr.  Lindsay 
Wood,  and  Mr.  William  Thomas  Lewis. 
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TESTING   IRON  BY  ELECTRO-MAGNETISM. 

By  A.  HERRING,  Mining  Engineer. 
Written  for  Van  Nostrand's  Magazine. 


[The  theory  of  this  process  which  is 
believed  to  be  new  is  briefly  this :  When 
a  bar  of  iron  or  steel  is  passed  through  a 
helix  which  is  traversed  by  a  current  of 
electricity,  the  bar  becomes  a  magnet  of 
greater  or  less  intensity  depending  upon 
the  current,  the  coil  of  wire,  and  the  mass 
of  metal.  If  the  metal  be  homogeneous 
the  polarity  of  the  bar  or  plate  may  be 
inferred  from  known  laws  of  electro-mag- 
netism. If,  however,  there  be  a  want  of 
continuity  of  fibre  at  some  point,  new 
poles  are  established  there  which  a  prop- 
erly-mounted needle  will  readily  detect. 
But  such  a  condition  of  the  metal  consti- 
tutes a  flaw  ;  hence  the  usefulness  of  the 
method. 

The  details  of  the  testing  process  and 
of  the  apparatus  employed  are  described 
by  the  inventor  as  follows. — Ed.] 


Any  inequality  in  density,  the  slightest 
erack,  flaw,  or  any  molecular  change 
tending  to  disturb  the  homogeneity  of 
the  iron,  is  a  false  magnetic  pole  the  in- 
tensity of  which  is  in  direct  proportion 
to  the  extent  of  the  defect.  By  my  pro- 
cess, I  locate  and  measure  the  intensity 
of  the  false  poles  of  any  piece  of  iron, 
and  estimate  the  extent  of  the  imperfec 
tions  causing  such  false  poles. 

A  magnetometer  sufficiently  sensitive 
for  this  purpose  is  a  nicely  balanced  dip- 
ping needle.  These  needles  I  have  made 
of  different  forms  and  sizes  to  suit  them 
to  the  work  for  which  they  are  intended. 
In  testing  iron,  it  is  not  necessary  that  it 
should  be  magnetized  to  saturation,  but 
the  inducing  current  should  be  constant 
and  of  uniform  intensity.  To  magnetize 
the  iron  to  be  tested,  a  coil  or  helix  is 
used  constructed  of  insulated  copper 
wire,  of  such  size  and  length  as  will  mag- 
netize it  with  the  least  amount  of  battery 
power,  and  the  helix  of  such  dimensions 
as  to  admit  of  the  iron  being  passed 
through  it. 

To  test  steel  wire  0.20  of  an  inch  in 
diameter  the  helix  should  be  composed 
of  about  six  hundred  feet  of  No.  20  cop- 
per wire,  insulated  and  wound  in  super- 
posed layers  upon  a  spool  of  rubber  or 


other  non-conductor,  which  should  be 
about  two  and  a  half  inches  in  length, 
with  an  aperture,  one-fourth  of  an  inch  in 
diameter,  through  it.  The  helix  should 
be  made  stationary  upon  a  frame  or  table. 
A  wooden  block  about  3  inches  in  width, 
with  a  hole  one-fourth  of  an  inch  in  dia- 
meter through  it,  is  then  placed  in  front 
of  the  helix  in  such  a  position  as  to  allow 
the  wire  to  pass  through  both  helix  and 
block,  and  upon  this  block  the  dipping 
needle  is  to  rest,  about  one -eighth  of  an 
inch  above  the  aperture  through  which 
the  wire  is  to  be  passed.  The  needle  to 
be  used  is  one  inch  in  length,  with  its 
axis  in  the  center,  and  to  the  negative 
pole  is  attached  an  aluminum  pointer,  to 
move  over  the  arc  of  a  circle  4  inches  in 
diameter — the  arc  divided  into  degrees — 
the  needle  so  mounted  that  when  the 
positive  pole  is  down  the  pointer  shall  be 
at  zero  on  the  arc,  which  is  numbered 
right  and  left  from  zero  to  90  degrees. 
This,  with  one  cell  of  a  Watson's  battery, 
and  two  steel  test  wires,  which  I  will 
describe  below,  completes  the  apparatus 
necessary  for  testing  the  wire.  These 
test  wires  should  be  of  the  best  homo- 
genous steel,  about  two  feet  long,  of  the 
same  size  as  the  wire  to  be  tested,  the 
breaking  strain  and  density  of  each, 
known  from  actual  test.  No.  1  test  wire 
should  be  thoroughly  annealed,  and  No. 
2  evenly  tempered  to  that  degree  of 
hardness  at  which  it  will  bear  the  great- 
est strain. 

With  a  coil  of  wire  to  be  tested  wound 
on  a  reel  or  drum  in  such  a  position  as 
to  be  passed  through  the  helix  and  block 
and  wound  on  a  second  drum  provided 
for  the  purpose,  the  battery  is  charged 
and  carefully  tested  by  means  of  a  gal- 
vanometer, and  its  strength  noted,  we 
are  ready  to  begin  the  test.  The  battery 
is  connected  with  the  helix  so  as  to  bring 
the  positive  pole  of  the  helix  next  to  the 
block  on  which  the  dipping  needle  (with 
its  pointer  and  arc)  is  placed.  No.  1  test 
wire  is  then  inserted  in  the  helix  and 
block  and  drawn  through  until  its  center 
is  within  the  helix.  The  magnetometer 
or  dipping  needle  is  then  placed  on  the 
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block  immediately  over  the  wire,  the 
block  is  then  moved  to  and  fro  along  the 
"wire  until  the  pointer  rests  at  zero  on  the 
arc,  the  block  and  magnetometer  are  then 
so  fastened  that  the  distance  between 
them  and  the  helix  shall  remain  the  same 
throughout  the  operation  of  testing. 
Test  wire  No.  1  is  now  removed  and  No. 
2  put  into  the  helix  and  block.  This  will 
cause  the  positive  pole  of  the  needle  to 
rise  in  the  direction  of  the  helix.  When 
it  has  ceased  to  vibrate  note  the  position 
of  the  pointer  on  the  arc.  This  indicates 
the  maximum  strength  and  density,  and 
zero  the  minimum  of  the  wire.  Remove 
the  test  wire,  and  pass  the  end  of  the 
wire  to  be  tested  through  the  helix  and 
block,  fasten  it  to  the  reel  or  drum  on 
which  it  is  to  be  wound,  and  while  an 
assistant  winds  it  from  one  drum  to  the 
other,  note  the  changes  of  the  pointer, 
marking  the  defective  places — the  defect 
being  in  proportion  to  the  variation  of 
the  pointer  between  the  maximum  and 
minimum  as  found  by  the  test  wires. 
Should  the  pointer  pass  zero,  it  indicates 
a  flaw  in  the  wire  at  the  point  then  pass- 
ing under  the  needle.  This  action  of  the 
needle  indicates  an  actual  break  in  the 
fibers  of  the  metal  and  is  to  be  estimated 
as  in  proportion  to  the  deflection  of  the 
needle.  Practice  soon  teaches  the  proper 
estimate  to  place  on  such  defects.  By 
this  process  we  estimate  the  comparative 
magnetic  intensity  of  the  wire  and  the 
tensile  strength  of  every  foot  of  it,  with- 
out impairing  it  in  the  least. 

The  testing  of  boiler  plates  is  done  in 
a  similar  manner,  or  upon  the  same  prin- 
ciple. The  plate  is  placed  in  a  flat  helix, 
connected  with  sufficient  battery  power 
to  magnetize  it,  and  passed  under  a  niun- 
ber  of  magnetometers  or  needles  ar- 
ranged with  their  axis  all  in  a  line  at  the 
proper  distance  in  front  of  the  helix. 
These  needles  must  be  all  of  the  same 
size,  shape,  and  weight,  and  must  be 
magnetized  to  the  same  intensity,  and, 
for  convenience  in  operating,  may  be 
mounted  on  a  strip  of  wood  or  brass  of 
sufficient  length  to  extend  across  the 
plate  to  be  tested.  They  should  be  placed 
about  five  inches  apart,  and  free  to  rise 
and  fall  in  the  direction  of  the  helix,  and 
each  supplied  with  a  graduated  arc  by 
which  to  note  the  variations  of  the 
needles. 

So,  in  testing  iron  colums,  large  shaft- 


ing, heavy  machinery  and  ordnance,  as 
well  as  small  articles  such  as  pieces  of 
fire-arms,  sabres,  etc.,  the  apparatus  is 
only  modified  in  shape  and  intensity  to 
adapt  it  to  the  size,  weight,  and  shape  of 
the  piece  to  be  tested,  embodying  the 
same  principles  and  same  laws  in  all 
tests.  Though  the  form,  size,  and  mag- 
netic intensity  may  be  changed  according 
to  the  particular  work  to  be  done,  we  ac- 
complish the  same  result  in  all,  namely, 
to  point  out  with  certainty  the  exact 
point  or  spot  where  any  flaw  or  imper- 
fection exists,  and  also  indicate  the 
amount  or  extent  of  such  defect. 

In  Figs.  1,  2,  and  3  is  represented  an 
apparatus  adapted  for  testing  the  density 
|  and  tensile  strength  of  steel  wire,  in 
which  a  foundation,  as  at  Z,  constitutes 
a  support  for  the  main  portion  of  the 
|  apparatus,  which  is  represented  in  con- 
nection with  a  cell,  of  what  is  known  as 
"Watson's  battery." 

The  essential  parts  of  the  apparatus 
consists  of  drums  or  reels  A  and  B,  a 
helix,  C,  a  magnetometer,  D,  mounted 
and  movable  upon  a  scale,  E,  a  frame,  F, 
and  a  battery. 

The  helix  C  rests  upon  a  projecting- 
portion,  z,  of  the  foundation  Z,  and  is  in 
the  form  of  a  spool,  the  body  portion  e  of 
which  is  made  of  hard  rubber  with  an 
aperture  through  it  from  end  to  end.. 
Upon  this  spool  insulated  copper  wire  c' 
is  wound  in  layers,  the  ends  of  which 
wire  are  connected  to  the  binding-screws 
n  and  p. 

The  magnetometer  D  consists  of  a 
magnetized  needle  or  bar  of  steel,  i,  the 
negative  end  of  which  has  been  length- 
ened by  the  addition  of  a  piece  of 
ahuninum,  i',  in  order  that  the  ojoerator 
during  the  act  of  "testing  "  may  read  on 
an  enlarged  semicircle,  m,  as  shown 
clearly  in  Fig.  3.  The  magnetometer  D 
is  seated  upon  a  thin  metal  plate,  d. 
This  plate  has  its  rear  portion  or  edge 
bent  over  and  under  the  rear  edge  of  the 
scale  E,  while  front  portions,  as  at  d',. 
are  in  like  manner  fitted  to  or  clasped 
upon  the  front  edge  of  said  scale,  thus 
retaining  the  magnetometer  in  position 
upon  the  scale,  and  also  allowing  it  to 
be  moved  longitudinally  thereon.  Ap- 
portion of  the  plate  d  is  cut  away  be- 
tween the  lapped  parts  d',  so  that  the 
scale  E  is  exposed  to  view;  and  as  the 
magnetometer  is  moved  upon  the  scale 
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Fig.  3. 


w  w 

toward  or  from  the  helix  the  inner  edge 
of  the  parts  d'  serve  to  register  with  the 
divisions  marked  off  upon  the  scale,  and 
thus  indicate  the  exact  distance  from  the 


helix  which  the  magnetometer  is  to  oc- 
cupy at  the  commencement  of  a  "test.'' 
and  which  position  throughout  the  test 
it  must  maintain.  In  other  words,  the 
magnetometer  is  so  mounted  upon  the 
scale  E  as  to  allow  it  to  be  moved  toward 
or  from  the  helix  C,  and  admit  of  its 
being  fixed  at  any  desired  distance  from 
the  helix  to  suit  the  different  sizes  of 
wire  to  be  tested. 

The  frame  F  is  constructed  at  each 
end  with  a  set  of  slotted  posts,  r  r,  and 
between  these  posts  are  two  upper  roll- 
ers, e  e,  having  a  groove,  e',  central  of 
their  length  to  receive   and   guide  the 
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wire  w  while  being  tested,  and  also  to 
fellow  ungrooved  lower  rollers,  aa.  The 
axles  of  each  of  these  rollers  play  loosely 
(up  and  down)  in  the  vertical  slot  of  the 
posts  r.  The  axles  of  the  lower  rollers 
extend  some  distance  outside  of  said 
posts,  so  as  to  engage,  as  indicated  in 
Fig.  I,  with  a  spring,  T,  attached  to  the 
frame  F,  as  shown,  so  that  the  force 
exerted  upward  by  the  spring  will  press 
the  wire  w  firmly  against  the  rollers  e  e 
in  their  grooves  e',  thus  keeping  the  wire 
at  a  fixed  distance  from,  but  near  to,  the 
needle  i  while  being  wound  from  the  reel 
A  to  the  reel  B. 

Operation:  To  practically  test  steel 
wire  which  is  from  four  to  five  millime- 
ters in  thickness,  the  apparatus  should 
have  the  following  proportions ;  Drum  A 
should  be  of  such  dimensions  as  to  re- 
ceive the  coils  as  they  come  from  the 
manufacturers.  Drum  B  should  be 
about  two  meters  in  diameter.  The 
helix  C  should  be  composed  of  about 
two  hectometers  of  No.  14  insulated  cop- 
per wire,  wound  in  superposed  layers 
upon  a  spool,  the  center  of  which  should 
be  made  of  a  non-conducting  substance 
(such  as  rubber,  paper,  or  hard  wood,) 
with  a  hole  six  millimeters  in  diameter 
through  the  length  of  it.  The  scale  E 
should  be  two  decimeters  in  length,  and 
divided  into  millimeters.  The  guide- 
rollers  e  e  and  a  a  in  frame  F  should  be 
about  three  decimeters  apart.  The 
spring  T  should  be  sufficiently  stiff  to 
keep  the  wire  w  firmly  to  its  place  in  the 
grooves  e'  of  the  rollers  e.  Any  form  of 
galvanic  battery  may  be  used;  but  the 
Watson  battery,  owing  to  its  constancy, 
seems  best  adapted  to  the  purpose. 
Three  cells  of  this  battery  should  be 
coupled  together  and  connected  to  the 
helix  C  by  the  binding-screws  p  n.  The 
arc  of  the  magnetometer  should  be  half 
of  a  ten-centimeter  circle.  The  arc 
should  be  divided,  as  indicated  in  Fig.  3, 
into  degrees,  or  one  hundred  and  eighty 
equal  divisions,  with  zero  at  the  top,  and 
numbering  right  and  left  to  ninety.  The 
needle  of  the  magnetometer  should  be 
formed  of  two  pieces:  first,  a  steel  bar 
or  needle,  four  centimeters  in  length, 
with  a  pivot  in  the  center;  second,  an 
alummum  point,  riveted  to  the  negative 
end  of  the  steel  needle,  making  the 
length  of  the  needle  seven  centimeters. 
In  this  manner  we  bring  the  axis  of  the 


needle  near  the  iron  to  be  tested,  which 
insures  the  greatest  deflection  from  any 
change  in  the  magnetic  intensity  of  the 
iron,  and  gives  an  extended  arc,  m,  on 
which  we  are  the  better  able  to  read 
the  changes  of  the  needle. 

To  adjust  the  apparatus  for  use,  the 
battery  C  being  in  operation,  a  piece  of 
soft-iron  wire,  perfectly  made,  five  milli- 
meters in  thickness  and  one  meter  in 
length,  and  of  known  tensile  strength,  is 
jnaced  in  the  helix  C  and  drawn  through 
until  the  center  of  the  length  of  the  wire 
rests  within  the  helix.  The  magneto- 
meter D  is  then  moved  along  the  scale  E 
until  the  negative  end  i'  of  the  needle 
points  to  zero.  This  will  take  place 
when  the  magnetometer  has  been  moved 
toward  or  from  the  helix,  as  the  case 
may  be,  until  the  positive  end  of  the 
needle  is  directly  over  the  point  of  great- 
est magnetic  intensity  developed  in  the 
wire.  The  soft-iron  wire  is  then  re- 
moved, and  the  magnetometer  remains 
throughout  the  test  in  its  position  on 
the  scale  E  which  it  now  occupies. 

In  place  of  the  soft-iron  wire  a  piece  of 
steel  wire  of  like  dimensions  and  known 
strength,  and  jDerfectly  made,  is  now  in 
like  manner  placed  in  the  helix.  If  the 
steel  is  of  greater  tensile  strength  than 
the  iron,  the  pointer  %'  of  the  magneto- 
meter will  fall  to  the  right  of  zero.  Take 
a  note  of  the  point  on  the  scale  of  the  arc 
m  at  which  the  pointer  comes  to  rest; 
remove  the  steel  wire;  fix  the  coil  of 
wire  to  be  tested  on  the  reel  A;  pass  one 
end  of  the  wire  through  the  helix  C  and 
between  the  rollers  a  a  and  e  e  in  the 
groove  e'  of  the  rollers  e,  and  then 
attach  the  end  of  the  wire  to  the  reel  B. 
Now,  turn  the  reel  B,  and  while  the  wire 
is  wound  from  the  reel  A  to  the  reel  B 
note  the  position  of  the  pointer  i'  upon 
the  scale  of  the  magnetometer,  and  calcu- 
late the  strength  of  the  wire  from  the 
ratio  found  between  the  two  testr-pieces. 
For  instance,  if  the  breaking-strain  of 
the  soft-iron  wire  which  fixed  the  needle  at 
zero  is  two  thousand  pounds,  and  the 
steel  wire  which  fixed  the  needle,  say  at 
forty-five  degrees,  breaks  at  four  thousand 
eight  hundred  pounds,  the  increase  in 
pounds  per  degree  is  sixty-two  pounds, 
and  the  ratio  found,  which  is  thirty,  will 
serve  to  calculate  the  strength  of  any 
portion  of  the  wire  being  tested,  unless 
•the   pointer  i'  passes  zero   to   the   left, 


TESTING    OF   IRON   BY   ELECTRO-MAGNETISM. 


409 


which  indicates  an  actual  flaw  in  the 
wire,  and  the  greater  the  deflection  of 
the  pointer  to  the  left  of  zero  the  greater 
the  flaw. 

In  testing  large  shafting,  bars  of 
metal,  heavy  ordnance,  pieces  of  ma- 
chinery, and  small  articles,  such  as  pieces 
of  fire-arms,  sabers,  bayonets,  &c,  the 
apparatus  will  of  course  be  adapted  in 
intensity  to  the  size,  weight,  and  shape 
of  the  piece  under  examination. 


Fig.  4. 


Fig.  4  represents  the  helix  as  con- 
structed and  arranged  for  testing  plates 
of  iron  and  steel.  By  this  construction 
and  arrangement  we  are  able  to  test 
rapidly  and  give  the  density  and  tensile 
strength  of  every  square  inch  of  the 
largest-sized  boiler  or  armor  plates.  The 
helix  C  is  flattened  or  elongated,  so  as  to 
admit  the  metal  plate  R  to  be  passed 
through  it.  This  helix  is  composed  of 
superposed  coils  of  insulated  copper 
wire  the  ends  of  which  connect  with 
binding-screws  n  and  p.  The  magneto- 
meters D  D  are  mounted  on  a  movable 
bar,  k,  that  they  may  be  the  better  moved 
to  and  fro  in  front  of  the  helix,  and  fixed 
at  any  desired  distance  from  it  by  means 
of  the  set-screw  s  to  the  scale  J.  In  the 
figure,  R  indicates  a  plate  of  iron  or  steel 
position  in  the  act  of  being  tested,  the 
plate  resting  upon  trunnions  c  o,  over 
which  it  is  drawn  by  a  drum. 

To  test  a  plate  the  helix  and  battery 
should  be  suited  in  size  and  power  to  the 
thickness  of  the  iron  or  steel  to  be  tested. 
The  movable  bar  k  should  reach  from 
side  to  side  of  the  plate,  and  have  fixed 
to  it  a  number  of  magnetometers  about 
two  decimeters  apart.  These  magneto- 
meters should  be  of  the  same  construc- 
tion as  that  described  for  testing  wire. 
Connect  the  poles  of  the  battery  with 
the  helix  C  by  means  of  the  binding- 
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screws  n  and  p,  so  as  to  magnetize  the 
plate  with  the  negative  pole  to  the  right 
of  the  helix;  pass  the  end  of  the  plate- 
through  the  helix  and  fasten  with  clamp, 
and  while  an  assistant  draws  it  steadily 
through  the  helix  note  the  changes  of 
the  needle  i  in  the  several  magneto- 
meters. 

Having  previously  ascertained  the 
magnetic  intensity  of  a  cubic  centimeter 
of  iron  and  steel  of  known  density  and 
tensile  strength,  we  are  enabled  to  calcu- 
late the  strength  of  any  part  of  the  plate 
by  a  comparison  of  its  magnetic  inten- 
sity. 

Mr.  Herring's  process  is  protected  by 
letters  patent  under  date  March  11th. 
1879. 


At  a  recent  meeting  of  the  French 
Academy  of  Sciences  M.  de  Lesseps  gave 
an  account  of  the  Suez  Canal  currents 
furnished  by  M.  Lemasson,  the  com- 
pany's engineer,  the  result  of  observa- 
tions taken  since  1871  at  Port  Said,  Suez 
and  other  stations.  Notwithstanding 
Lake  Timsah  and  the  Bitter  Lakes, 
which  form  two  great  regulators,  the 
north  and  south  branches  of  the  canal 
are  not  unaffected  by  each  other.  From 
May  to  October  the  winds  cause  a  rise  of 
level  at  Port  Said  and  a  fall  at  Suez. 
This  difference  of  level,  which  reaches 
about  15.5  inches,  leads  to  a  current  from 
the  Mediterranean  to  the  Red  Sea — a 
current  which,  though  interrupted  by 
the  tides,  drives  a  considerable  volume 
of  water  from  north  to  south.  In  winter, 
on  the  contrary,  the  high  winds  give  the 
Red  Sea  a  level  higher  by  about  12  inches 
than  the  Mediterranean,  causing  a  cur- 
rent from  south  to  north.  About  14.126 
million  cubic  feet  or  about  400,000^000 
tons  of  water  yearly  pass  from  one  sea  to 
the  other.  This,  coupled  with  the  tides, 
tends  to  neutralize  the  effects  of  evapora- 
tion from  the  surface  of  the  lakes  and  to 
dissolve  the  basis  of  salt  in  the  Bitter 
Lakes.  That  basis  was  32.8  feet  in  thick- 
ness, but  is  gradually  dissolving,  especi- 
ally in  the  course  of  vessels.  The  veloc- 
ity of  these  local  currents  varies  between 
Port  Said  and  Lake  Timsah  from  0.5  feet 
and  1.3  feet  per  second;  while  in  the 
broader  part,  between  Suez  and  the 
Bitter  Lakes,  it  is  from  2  feet  to  3.6  feet 
per  second. 
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THE  PRISMOIDAL  FORMULA. 

By  J.  WOODBRIDGE  DAVIS,  C.  E. 


Written  for  Van  Nostband's  Magazine. 


PREFACE. 


It  would  be  difficult  to  estimate  the 
value  of  the  prismoidal  formula,  or  to 
enumerate  the  branches  of  business 
and  professional  work  in  which  it  is 
constantly  employed.  Its  advantage 
over  most  other  rules  for  mensuration, 
lies  in  the  fact  that  its  extreme  simplicity 
is  coupled  with  a  wonderful  generality, 
even  as  an  exact  rule,  while  it  approxi- 
mates very  closely  the  contents  of  a  host 
of  shapes.  It  is,  therefore,  a  rule  which 
can  be  understood  and  applied  by  every 
intelligent  person  who  is  not  acquainted 
with  the  more  general,  but  less  simple, 
rules  of  higher  mathematics,  at  the  same 
time  that  it  is  a  rule  applicable  to  a 
great  many  of  the  most  common  shapes. 

But,  apart  from  its  immense  import- 
ance as  a  practical  rule,  the  prismoidal 
formula  has  always  been  of  great  interest 
to  mathematicians,  and,  it  may  be  said,  a 
mystery,  on  account  of  its  wide  range  of 
application.  Perhaps  everyone,  after 
studying  its  derivation  from  the  rectan- 
gular prismoid,  has  been  startled  when 
first  he  saw,  or  heard  it  announced,  that 
it  applies  to  the  sphere  and  the  ellipsoids. 
Every  author  of  a  treatise  on  mensura- 
tion takes  delight  in  demonstrating  its 
applicability  to  the  three  round  bodies, 
and  in  deriving  from  it  numerous  special 
rules.  The  limits  of  its  applicability 
have  been  gradually  widened  by  success- 
ive discoveries — -often  exciting  great  sur- 
prise— of  its  applicability  to  shapes  be- 
fore mensurated  by  more  difficult  rules, 
or  merely  approximated  for  want  of  con- 
venient formulae.  There  has  also  been 
much  speculation  as  to  the  number  and 
variety  of  prismoidal  shapes,  and  as  to 
the  nature  of  their  connection. 

The  object  of  this  article  is  to  establish 
a  single  formula  that  shall  indicate  exactly 
the  limits  of  the  field  of  application  of 
the  prismoidal  rule,  and  shall  express  the 
relation  which  exists  between  all  pris- 
moidal spaces ;  also,  to  show  the  value  of 
this  formula  as  a  criterion  in  determining 
whether  or  not  the  rule  apply  to  given 
spaces ;  and,  finally,  to  convey  an  idea  of 
the  vast  extent  governed  by  this  rule, 


and  to  describe,  in  illustration  thereof, 
several  extraordinary  shapes  more  curious 
than  available. 

It  must  be  confessed  that  the  writer 
was  almost  discouraged  from  publishing 
this  matter  by  reading,  after  his  own 
work  had  been  accomplished,  two  excel- 
lent articles  on  the  same  subject,  of  which 
mention  is  made  in  proper  place.  There 
are,  however,  so  many  points  of  distinc- 
tion as  to  have  induced  the  writer  to 
persevere.  Moreover,  the  articles  re- 
ferred to  were  published  in  mathematical 
journals,  one  extinct,  and  the  other,  pre- 
sumably, not  widely  circulating  among 
engineers. 

This  paper  is  condensed  from  a  thesis, 
bearing  name  of  Prismoidal  Formula, 
and  deposited  in  the  Engineering 
Department  of  School  of  Mines,  Colum- 
bia College.  In  accordance  with  present 
design,  several  of  the  conclusions,  which 
are  merely  interesting,  perhaps  astonish- 
ing, are  simply  stated.  For  demonstra- 
tion, if  any  require  it,  the  reader  is 
referred  to  that  work.  Also,  three 
rather  extensive  notes  have  been  entirely 
omitted.  These  are:  Broken  Lines  rep- 
resented by  Equations  of  Infinite 
Degree;  Indeterminate  Coefficients,  in 
which  the  ordinary  proof  contained  in 
the  algebras  is  criticised;  and  Limits  to 
the  Number  of  Roots  of  Transcendental 
Equations.  Two  chapters,  containing 
discussions  on  A  New  Center  of  Gh^avity 
Formida  and  A  Neio  Moment  of  Inertia 
Formula,  have  likewise  been  excluded; 
but,  as  these  latter  are  the  most  practical 
portions  of  that  work,  the  writer  hopes  to 
be  able  soon  to  present  them  in  accept- 
able shape. 

PRISMOIDAL    FORMULA. 

Space,  whether  illimitable  or  contained 
by  a  certain  boundary,  may  be  generated 
by  a  right  plane,  always  remaining  par- 
allel to  two  non-parallel  straight  lines 
and  moving  in  a  direction  perpendicular 
to  them,  the  motion  being  constantly 
progressive,  and  the  boundary  of  the 
plane  at  every  position  being  its  inter- 
section at  that  position  with  the  bound- 
ary of  the  space.     Thus,  the  generatrix 
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passes  once  through  every  point  of  the 
space,  and  is,  accordingly,  said  to  de- 
scribe it. 

The  boundary  of  the  space  may  be 
however  intricate,  and  possess  any  num- 
ber of  convolutions  or  entirely  separate 
parts. 

Letting  y  represent  the  area  of  the 
generatrix  at  any  position,  [when  the 
space  is  of  two  dimensions,  y  is  the 
length  of  generating  line],  and  letting  x 
denote  the  distance  of  generatrix  from 
first  limit,  we  have,  when  y  everywhere 
between  those  limits  varies  according  to 
the  same  function  of  x, 

V '=/(*),  (1) 

and  for  the  amount  of  space,  or  volume, 

v= f  f{x)dx.  (2) 

0 

(1)  may  be  considered  the  equation  of 
the  space,  since  it  indicates  the  magni- 
tude of  the  generatrix  at  every  position. 
It  is  independent  of  the  shape  of  bound- 
ary. Therefore,  the  space,  whose  equa- 
tion is  (1),  may  be  contained  by  any  of 
an  infinite  variety  of  boundaries ;  and  its 
volume  for  each  is  the  same. 

[In  the  single  case  where  the  space  is 
a  plane,  and  one  longitudinal  boundary 
a  straight  line,  (1)  is  the  equation  of  the 
other  longitudinal  boundary  as  well  as  of 
the  space]. 

If,  however,  between  the  limits  y  vary 
as  fx  (x)  to  a  distance  mv  then,  abruptly, 
begin  to  vary  asjf  (x)  to  the  distance  m2 
from  origin,  and  so  on  change  the  mode 
of  its  variation  till  the  second  limit  be 
reached,  then  the  equation  of  the  space 
becomes 

</=/:(*)       ,/,(*)       >    •-/»(«)-.       ?  (3) 

o  mi  "*n-l 

and 

/mi  /imj 

fx(x)dx  +  J     ft{x)dx.... 


+  f       fn  (x)dx.     (4) 


The  manner  of  variation  of  y  may  be 
such  that  it  can  be  represented  between 
given  limits  by  a  succession  of  known 
functions,  only  when  their  number  is  in- 
finite. 

But,  however  a  generatrix  may  vary  in 
a  given  space  between  limits,  it  must,  at 
a    distance 


which  let  y^  express. 


have    some   magnitude, 


At  other  distances,  x2,  x,,  ....  xn+i,  let 
the  magnitudes  of  y  be  represented  by 
2/2,  ys,....  yn-f i-  In  the  equation  of  the 
nth  degree, 

y=A  +  Bx  +  Cx* +Kxn,       (5) 

the  n  +  1  coefficients  may  have  such 
values  as  to  satisfy  n  + 1  conditions  con- 
cerning x  and  y.  Let  these  be  the  con- 
ditions that  when  x=xx  y  shall  be  y:  etc. 
Then  (5)  is  the  equation  of  a  space, 
which  coincides  in  magnitude  with  the 
given  space  at  the  distances  a?,,  x2,  etc. 
from  the  origin.  If  every  position  of  the 
generatrix  be  considered,  (5)  is  an 
equation  of  infinite  degree ;  and  it  is  the 
equation  of  space  which  coincides  in 
magnitude  with  the  given  space  at  every 
distance  from  the  origin.  Therefore,  the 
generatrix  of  every  space,  between  any 
limits,  varies  according  to  a  single  func- 
tion of  its  path;  and  that  function  is 
represented  by  an  algebraic  expression 
of  infinite  degree,  in  terms  of  the  path, 
with  integral,  positive  exponents  and 
constant  coefficients.  If  we  denote  this 
function  by  F  (x),  the  equation  of  every 
space  is 

y=¥(x)*  (6) 

The  volume  of  a  space,  to  which  the 
prismoidal  formula  applies,  is 

u  =  ^|a  +  4M  +  bJ-,  (7) 

where   I  is  the  distance  between  limits. 

*  In  note  1  of  the  thesis  mentioned  in  preface  are  given 
examples  of  broken  lines  represented  by  infinite  equations. 
Among  them  are  the  perimeter  of  square,  which,  as  a 
continuous  line,  referred  to  axes  parallel  to  its  sides  and 
intersecting  at  its  center,  is  represented  by 

-eCD_j_^CO_r0O) 

when  t»  is  even  ;  and  the  axes  themselves,  within  square, 
as  one  continuous  line,  represented  by  the  equation 

x— a>-\-y-a>=r~a>, 

when  the  degree  is  even. 

#00  -j-j/co  -\-z°°  —  r00 

is  the  equation  of  the  surface  of  a  cube,  and 

%— °°  -\-y—  °°  -\-z~~  °°  =r  _0° 

is  the  equation  of  co-ordinate  planes  within  cube,  when 
oo  is  even. 

The  following  also  is  quoted  from  this  note. 

The  fact  that  any  irregular  shape  can  be  represented  by 
an  equation,  allows  us  to  use,  in  treatises  on  mechanics, 
the  expression  dv  to  denote  the  content  of  an  infinitesimal 
section  of  that  shape  ;  also,  to  use  the  other  differential 
and  integral  symbols  pertaining  to  discussions  of  center 
of  gravity,  moment  of  inertia,  etc.  Demonstrations, 
made  with  aid  of  these  symbols,  and  the  processes  they 
represent,  are  generally  more  concise  than  those  wherein 
the  expressions  of  mere  summation  of  independent  parti- 
cles are  employed.  When  the  general  principles  are  ap- 
plied to  known  forms,  the  symbols  of  the  calculus  must 
be  used,  because  they  indicate  how  the  summation  can 
be  effected.  Hence,  for  uniformity  also,  it  is  advantage- 
ous to  use  latter  symbols  even  in  general  cases. 
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and  A,  B,  M,  are  the  magnitudes  of  the 
generatrix  at  first  and  last  limits  and  at 
the  position  midway  between. 

The  extent  of  application  of  the  pris- 
moidal  formula  may  be  determined  by 
considering  it  in  connection  -with  equation 
(6),  since  this  represents  all  spaces.  The 
F  (x)  is  the  sum  of  any  number  of  alge- 
braic expressions,  each  of  the  form  Kccw, 
n  being  positive  and  integral.  The 
prismoidal  formula  ajDplies  to  the  space 
represented  by  one  of  these,  when 

\  [K  (0) n  +  4  K  (1Z) n  +  K  ln~]  -  f  Kxndx = o 


6 


or, 


4:1" 


-7T  1   On  +  Tr-+ln 


Kln+i 


=o:  (8) 


6  1°"+2"  '  '  )  n  +  1 
This  equation  is  true  when  the  coeffi- 
cient K  is  zero,  or  when  I  is  zero,  in 
either  case  when  the  volume  is  zero. 
The  former  is  the  case  of  a  line  or 
number  of  lines,  of  any  complexity 
between  any  limits.  The  latter  is  the 
case  of  a  generatrix  of  any  magnitude 
maintaining  a  single  position.  The  equa- 
tion is  also  time  when  n  has  any  of  the 
values  0,  1,  2,  3. 

For  all  values  of  n,  except  zero,  the 
first  term  in  the  brackets  is  zero,  and  the 
equation  may  have  the  more  convenient 
form 

When  n  exceeds  5,  the  first  member  of 
this  equation  is  always  numerically 
greater  than  zero,  and,  consequently,  the 
equation  is  false.  Also,  when  n  is  either 
4  or  5,  the  equation  is  false.  Hence,  0, 
1,  2,  3,  are  the  only  positive  integral 
values  of  n,  such  that  the  prismoidal 
formula  applies  exactly  to  the  space  rep- 
resented by  the  equation  y— J\.xn . 

Applying  now  the  prismoidal  formula 
to  the  space  y=Y(x), 
and  subtracting  from  the  volume  thus 
found,  the  true  volume  found  by  inte- 
grating each  term,  the  difference, 
equated  with  zero,  we  find  to  be 


K  I™*1 


KJn+x 


K.JP+1 


(10) 


If  the  F  (a?)  consist  of  terms  affected 
by  no  other  exponents  than  0,  1,  2,  3, 
[when  an  exponent  is  zero  the  wanting 
term  in  enclosed  factor  must  be  supplied] 
all  the  enclosed  factors  are  zero.  Hence, 
the  prismoidal  formula  applies  between 
any  limits  to  the  space  whose  equation  is 


y= a  +  bx  +  ex1  +  dx* 


(11) 


If  the  F  (it-)  include  terms  having 
greater  exponents  than  three,  then,  in 
eq.  (10),  the  terms  corresponding  to  the 
exponents  0,  1,  2,  3,  are  zero;  and,  if  q 
denote  the  number  of  terms  remaining, 
the  truth  of  equation  (10)  depends  upon 
the  values  of  2q  +  l  independent  quanti- 
ties, viz:  the  coefficients  and  exponents 
of  the  terms  and  the  distance  between 
limits.  Each,  consequently,  must  be  a 
certain  function  of  all  the  rest,  or  one  of 
a  definite  number  of  particular  functions, 
in  order  that  this  equation  may  be  true. 

Thus,  from  equation  (10)  we  see  that 
for  given  values  of  the  coefficients  and 
exponents,  that  is,  for  a  given  space, 
there  are  as  many  values  of  I  such  that 
the  equation  shall  be  true,  as  the  number 
indicating  the  degree  of  F  (x)  and  one 
more.  As  many  of  these  are  zero  as  the 
number  indicating  the  degree  of  the 
lowest  term  above  the  fourth  tercn  in  the 
F(x),  and  one  more.  The  other  values 
may  be  positive,  negative  and  imaginary. 
For  instance,  the  prismoidal  formula 
apphes  to  the  space 

y = a  +  bx  +  ex2  +  dx3  +  ex*  +fx~°  +  gxe    (12) 

when       Ti^  +  J^H/Ty/Z'=0.       (13) 

Solving  this  equation  in  favor  of  I,  we 
find  that  besides  five  zero  values 

7=  .If       21     /35/3-92e,y 
23</±46</r  315 

If  the  equation  of  the  space  be  of 
infinite  degree,  then  eq.  (10)  is  infinite, 
and  there  are  an  infinite  number  of 
lengths  of  the  space  subject  to  the  pris- 
moidal formula.  If  these  lengths  be 
none  of  them  negative  or  imaginary,  and 
if  they  all  be  consecutive  values  of  I,  then 
this  equation  •  of  infinite  degree  repre- 
sents a  space  subject  to  the  p.  f. 
[prismoidal  formula]  between  any  limits. 
This  is  the  only  possible  case  of  a  pris- 
moidal space  of  higher  degree  than  the 
third.  But,  since  for  every  value  of  I  the 
value  of  the  functions  of  I  expressed  in 
first  member  of  eq.  (10),  is  zero,  this  is 
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The  last 


the  equation  of  a  line  coincident  with  the 
axis  of  X.  Whatever  be  the  coefficients 
of  this  equation,  they  are  equivalent  to 
those  of  the  following  equation : 

wherein  y  represents  the  first  member  of 
eq.  (10),  and  (y),l-    J,  etc.,  represent  the 

values  of  y,-^,  etc.,  when  x=o. 

member  of  eq.  (14)  is  identical  with  the 
first  of  eq.  (10),  the  coefficients  having 
merely  a  different  form.  Since  the  line 
represented  by  either  equation  is  coin- 
cident with  the  axis  of  X,  it  is  tangent 
thereto  at  the  origin.  Consequently,  as 
many  successive  coefficients  must  be  zero 
as  the  number  of  succeeding  points  at 
which  the  line  still  coincides  with  the 
axis  of  X.  Because  every  succeeding 
point  is  common  to  both  lines,  every 
coefficient  of  eqs.  (14)  and  (10)  is  zero. 
Now,  the  factor  in  brackets,  of  every 
coefficient  of  eq.  (10),  corresponding  to  a 
term  of  fourth  or  higher  degree  in  F  (x), 
is  not  zero.  Therefore  the  K  of  this 
term  must  be  zero.  On  the  contrary,  the 
factor  in  brackets,  of  each  coefficient  of 
a  term  in  eq.  (10),  corresponding  to  a 
term  in  F(x)  of  third  or  less  degree,  is 
zero.  Therefore,  the  K  of  any  of  these 
terms  may  have  any  value.  This  reduces 
the  equation  of  every  space,  y=F(x),  to 
the  same  case  expressed  by  eq.  (11).* 

Between  given  limits  there  may  be  an 
infinite  number  of  spaces,  whose  genera- 
trices vary  according  to  algebraic  func- 
tions of  any  degree  except  the  fourth, 
yet  such  that  the  p.  f.  shall  apply  to  each 
space  between  those  limits.  For  a  given 
length,  I,  measured  from  origin,  the  p.  f. 
applies  to  a  space,  whose  generatrix 
varies  as  an  algebraic  function  of  sixth 
degree,  eq.  (12),  when,  as  derived  from 
eq.  (13), 

e--120(JlJdgr)-     «tf    UBaP 


*  It  will  be  noticed  ttiat  the  result  arrived  at  in  this 
paragraph  might  have  been  directly  quoted  from  the 
chapters  on  Indeterminate  Coefficients  in  treatises  on 
algebra.  But,  as  the  demonstrations  in  these  seemed  to 
the  writer  imperfect,  (for  reasons  discussed  in  note  2  of 
thesis  mentioned  in  preface)  he  has  preferred  to  use  the 
proof  shown  in  text. 


The  conditions,  l=o,  7e=o,  since  they 
are  practically  useless,  being  now  neg- 
lected, and,  also,  all  those  spaces  to 
which  the  p.  f.  does  not  apply  between 
every  pair  of  limits,  there  remain,  as 
spaces  to  which  the  p.  f.  universally  ap- 
plies, of  all  spaces,  those  only  which  are 
represented  by  the  equation 


2/— a  +  bx  +  ex2  +  dx* 


(11) 


Eq.  (11)  is  independent  of  shape  of 
boundary.  It  may  be  used,  as  a  criterion, 
to  ascertain  whether  the  p.  f.  apply  or 
not  to  spaces  of  given  boundary.  It  only 
needs  that  the  general  expression  for 
magnitude  of  generatrix  in  terms  of  path 
be  determined.  If  this  be  an  algebraic 
expression  of  degree  not  higher  than 
third,  the  formula  applies.  Otherwise,  the 
formula  does  not  apply.  This  may  also 
be  used  as  a  method  of  demonstrating 
that  the  p.  f.  does  apply.  Its  applica- 
tion to  either  case  saves  us  the  labor  of 
actually  applying  the  p.  f.,  and,  then, 
some  other  rule  known  to  be  correct, 
and,  finally,  comparing  results.  Thus, 
eq.  (11)  serves  to  generalize  and  abbre- 
viate greatly  the  demonstrations  of  rules 
for  mensurating  common  solids.  To  the 
practical  calculator  it  is  both  a  guide  and 
a  guard. 

Another  use,  perhaps  not  very  practi- 
cal, that  can  be  made  of  eq.  (11),  is  de- 
scribed as  follows.  By  means  of  eq.  (11) 
may  be  obtained  expressions  for  bound* 
aries,  which  shall  satisfy  any  number  of 
given,  non-conflicting  conditions,  yet 
shall  contain  spaces,  all  subject  to  the 
prismoidal  rule.  In  this  manner,  by  im- 
posing unusual  conditions,  prismoidal 
spaces  of  most  extraordinary  shapes,  may 
be  discovered. 

Portions  of  prismoidal  space  may  be 
negative.  Such  portions  are  generated 
by  negative  generatrices.  For  instance, 
the  quadrilateral,  represented  in  Fig.  1, 
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is  generated  by  the  moving  line,  y.  This 
becomes  smaller,  and,  consequently,  the 
infinitesimal  differentials  of  the  area  be- 
come smaller,  as  it  moves  to  the  right. 
At  the  point  m  it  is  zero;  and  here  its 
motion  adds  nothing  to  the  space.  Pro- 
ceeding, it  diminishes  at  the  same  rate, 


becoming,  therefore,  negative,  and  pro- 
ducing negative  space.  The  p.  f.  applies 
between  any  limits,  only  when  the  space 
BCm  is  negative.  When  this  is  positive, 
the  shape  is,  in  fact,  not  a  quadrilateral, 
but  a  hexagon,  whose  sides  are  k.m,  mC, 
CB,  Bm,  ?nD,  DA. 


Fig.  2  represents  the  complete  pris- 
moid.  This  may  be  defined  as  The  space 
generated,  between  any  limits,  by  the  mo- 
tion of  a  varying  rectangle,  whose  sides 
maintain  a  constant  direction,  while  one 
vertex  proceeds  along  a  straight  line. 

JBoth  the  product,  and  the  quotient 
resulting  from  the  division  of  one  by  the 
other,  of  the  rectangle  s  two  dimensions, 


must  be  functions  of  the  path,  and,  there- 
fore, variable. 

The  rectangular  pyramid  can  be  de- 
fined in  same  words,  excejjt  that  the 
product  must  be  variable  and  the  quo- 
tient constant. 

In  the  prism  both  are  constant. 

To  complete  the  four  cases,  we  must 
consider  the  space  generated  by  a  rec- 
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tangle  whose   dimensions  vary   as r 

xn  +  b.  In  this  shaj>e  the  product  is  con- 
stant and  the  quotient  variable. 

It  follows,  from  this  definition  of  the 
prismoid,  that  one  pair  of  faces  mnst 
intersect  in  advance  of  the  remaining 
pair.  At  this  position  the  generatrix  is 
.zero.  The  immediate  space  following  is 
negative,  as  the  product  of  a  positive  by 
a  negative  dimension.  The  generatrix 
becomes  zero  again  when  the  other  faces 
cross,  and,  proceeding,  becomes  perma- 
nently positive,  as  the  product  of  two 
negative  dimensions.  The  generatrix 
passes  through  the  same  series  of 
changes  through  which  the  ordinate  of 
the  parabola  sketched  above  passes.  The 
generatrix  of  the  lateral  surface  passes 
through  the  same  changes  as  does  the 
ordinate  of  Fig.  1. 

AB  is  the  conventional  prismoid. 
Both  varieties  of  wedges  are  shown,  as 


also  the  pyramid  CDEF,  which,  as  a 
prismoid  with  no  end  areas,  has  excited 
much  attention. 

The  peculiarity  of  the  middle  branch 
of  the  prismoid  is,  that  the  amount  of 
space  between  any  two  of  its  cross  sec- 
tions, as  calculated  by  the  trapezoidal 
rule,  is  less  than  the  amount  by  the  pris- 
moidal  rule,  if  the  space  be  considered 
positive.  The  important  fact  that  there 
are  such  sections  of  a  prismoid  seems  to 
be  unknown  to  some  writers  on  the  ap- 
plications of  the  p.  f.,  while  others  appear 
to  regard  it  as  a  singular  exception.  A 
conjugate  peculiarity  of  the  middle 
branch  is  that  between  any  two  cross 
sections  thereof,  one  dimension  increases 
while  the  other  decreases.  Considered 
analytically,  not  practically,  it  is  an  uni- 
versal rule  that  between  any  limits,  the 
amount  of  space  in  a  p>rismoid,  as  calcu- 
lated by  the  trapezoidal  rule  is  excessive. 

Fig.   3  is  a  pyramid.     Both  pairs  of 


faces  cross  at  the  same  section.  Here 
the  area  of  generatrix  is  zero;  but  im- 
mediately on  each  side  it  is  positive,  as 
the  product  of  two  positive  or  of  two 
negative  dimensions.  The  generatrix  of 
lateral  surface  passes  through  same 
changes  as  does  the  ordinate  of  Fig.  1. 
Consider  now  the  triangular  warped- 
faced  shape,  Fig.  4.     It  is  generated  by 


the  motion  of  a  varying  triangle,  which 
remains  parallel  to  one  plane,  while  its 
vertices  are  constrained  to  follow  any 
three  straight  lines.  The  three  faces  are 
hyperbolic-paraboloids. 

Referred  to  the  plane  through  one 
directrix,  as  CC,  and  the  plane  of  gener- 
atrix at  any  position,  as  III,  the  area  of 
generatrix,  at  a  distance  x  from  HE,  as  at 
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II,  the  measurements  of  diagram  used, 
is,  according  to  rule  B,  page  293,  of 
April  No.  of  this  Magazine, 

%\h"w"  +  a"(d"-io")~], 

where,  in  terms  of  measurements  of  two 
given  positions  of  generatrix, 

h"=h'  +  (h-h')-    a"  =  a'  +  (a-a')  %, 


w" = to'  +  (to  - w')  -  ,  d" = d'  +  (d-  d')  X  . 

Without  actually  making   the   substitu- 
tions, it  is   seen   that,  were  they  made, 


the  general  expression  for  area  of  gener- 
atrix would  appear  as  a  function  of  x  to 
the  zero,  first  and  second  powers  only. 
Hence,  the  p.  f.  applies  between  any 
limits. 

The  form  of  the  equation  of  this  space, 

y=a  +  bx  +  cx2, 

shows  that  it  may  contain  a  negative 
branch;  but,  if  so,  that  two  consecutive 
infinite  branches  are  positive.  "When  the 
generatrix  is  about  to  change  its  sign,  it 
must  become  zero,  or  must  become  a 
line.     [If  it  become  a*point,  the  figure  is 
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a  pyramid.]  Hence,  all  the  directrices 
intersect  their  opposite  surfaces,  respect 
ively,  in  one  element  common  to  the 
three  surfaces.  The  latter  immediately 
enclose  negative  space,  [i.e.,  space  on 
the  opposite  side  of  surface.  See  Fig.  4, 
page  293,  April  No.  of  this  Magazine.] 
But  the  directrices  must  again  cross 
their  opposite  surfaces  in  one  element, 
which  divides  the  negative  from  second 
positive  branch. 

This  leads  to  the  following  theorem, 
which  it  would  perhaps  be  difficult  to 
prove  by  other  methods. 

If  three  hyperbolic-paraboloids  have  a 
common  plane  director,  and  a  common 
element  at  each  of  three  points  of  which 
two  of  the  surfaces  are  tangetit  to  each 
other/  then  it  is  certain  that  the  surfaces 
have  one  other  element  i?i  common,  at 
which  they  are  in  like  manner  tangent  to 
each  other/  and  it  is  also  certain  that  no 
two  of  them  can  have  a  third  common 
element,  nor  any  other  point  of  tangency. 

If  one  directrix  be  tangent  to  opposite 
surface,  the  surfaces  are  tangent  to  each 
other  throughout  the  element,  and,  con- 
sequently, each  other  directrix  is  tangent 
to  its  opposite  face.  Hence,  the  surfaces 
do  not  intersect,  there  is  no  negative 
space,  and  the  two  elements  mentioned 
in  the  theorem  are  consecutive. 

Similar  theorems,  when  the  directrices 
are  more  than  three  in  number,  and  when 
they  are  curves,  can  be  constructed. 

This  shape  is  useful  as  well  as  inter- 
esting. If  CC"  be  the  center  stakes  of 
consecutive  cross  sections  of  a  cutting, 
AA"  the  slope  stakes  on  one  side,  then 
AC,  A"C",  represent  top  lines  of  regular 
cross  sections,  and  B,B"  are  the  "breaks," 
which  render  the  solid  irregular.  Every 
irregular  solid  is  compounded  of  a  regu- 
lar solid  and  a  number  of  these  triangu- 
lar shapes,  positive  and  negative,  which 
form  the  ridges  and  hollows,  as  seen 
along  BB'.  A  study  of  this  shape  re- 
veals the  fact  that  the  error  of  applying 
the  trapezoidal  rule  to  each  of  these 
warped-faced  portions  may  be  excess- 
ive when  compared  with  that  of  analo- 
gous plane  figures;  and  that  it  is  equal 
in  importance  to  that  produced  on  the 
whole  regular  solid  by  use  of  the  same 
rule.  Some  writers  have  thoughtlessly 
neglected  these  errors,  concluding  with- 
out investigation  that  they  must  be 
trifling,  and  that  the   only   error  worth 


correcting  is  that  of  the  regular  part  of 
solid.  Others  have  made  the  errors  of 
irregular  part  arbitrary  functions  of  the 
error  of  regular  part,  instead  of  inde- 
pendent functions  of  their  own  measure- 
ments. 

Another  peculiarity  of  this  peculiar 
shape,  though  important,  is  not  ^vell 
known.  The  portions  of  Fig.  4,  limited 
by  the  planes  I,  IV,  and  IV,  V  repre- 
sented the  case  of  a  ridge  or  hollow 
which  fades  out  at  one  section.  The 
volume  between  IV  and  I  is 


[a^d+d^  +  {h—a){Zw  +  w>f] 


D 
12" 


Here  it  is  seen  that  to  give  dr  any  incre- 
ment, m,  increases  the  volume  by  y1^  am~D: 
while  to  give  d  the  same  increment,  in- 
creases the  volume  by  T2g  am~D.  There- 
fore the  effect  of  shifting  the  fading  end 
is  half  as  great  as  the  effect  of  shifting 
the  other  end,  B,  as  far  in  same  direc- 
tion. Earthwork  measurers  are  very 
careful  to  fix  the  extremity  B,  but  they 
seldom,  if  ever,  notice  the  other  end. 
The  effect  of  dt  on  the  volume  is  greater 
as  the  opposite  face  ACC'A',  is  more 
warped.  If  this  be  plane,  a  is  zero,  and 
dx  has  no  effect. 

To  illustrate  the  serious  effect  the 
neglect  of  dx  has  in  practice,  consider 
this  example  of  the  right  side  of  a  rail- 
road solid,  which  was  given  by  Prof. 
Gillespie  to  illustrate  his  plan  of  fixing 
the  fading  ends.  He  proposed  to  estab- 
lish each  of  them  at  a  point  whose  dis- 
tance from  center  line  should  bear  the 
same  ratio  to  the  measured  distance  dx  of 
the  other  end,  as  the  side  width  u\  bears 
to  w.  The  measurements  are  shown  in 
diagram,  Fig.  5.  The  value  of  a  in  this 
example  is  found  to  be  5.1  feet.  Substi- 
tuting tliis  in  the  formula  yV  aniD,  and 
making  m  1  foot,  D  being  100  feet,  we 
find,  for  the  increment  to  the  volume. 
42.5  cubic  feet,  corresponding  to  an  in- 
crement of  1  foot  to  dv  or  43.4  cubic  feet 
corresponding  to  1  foot  measured  hori- 
zontally. The  total  effect  occasioned  by 
moving  the  point  H  from  the  end  D  of 
the  line  DE  to  the  other  end  E.  is.  in 
cubic  yards,  43.4x20^-27=32.1.  This 
is  equal  to  half  the  content  of  the  whole 
solid  ABCDEH,  when  at  its  least  value. 

Another  use  that  can  be  made  of  this 
shape  [Fig.  4]  is  to  aid  in  the  following 
demonstration.       Consider     the     space 
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shown  in  Fig.  6,  included,  terminally,  by 
two  parallel  planes,  and,  laterally,  by  a 
surface  generated  by  the  motion  of  a 
right  line,  always  intersecting  the  planes, 
and  returning  finally  to  its  initial  posi- 
tion. Assume  an  axis  anywhere,  within 
or  without  the  space,  and  connect  its 
extremities  A,A',  the  points  of  its  inter- 
sections with  the  planes,  by  straight 
lines  with  the  extremities  B,B',C,C',  of 
two  consecutive  elements  of  lateral  sur- 
face, as  shown  in  diagram.  Denote  the 
area  of  upper  base  by  E,  of  lower  base 
bj  E',  of  mid-section  by  M,  and  by  V  the 


Fig.  6. 


volume  of  the  entire  space.  Designate 
the  coiTesponding  areas  and  volume  of 
the  space  ABCA'B'C  by  dE,  dE',  dM,  dV, 
and  by  h,  the  distance  between  the  par- 
allel planes.  Then,  since,  according  to 
previous  demonstration,  the  p.  f.  applies 
to  ABCA'B'C, 

dY=  ^-[dE+AdM+dW]:  (15) 


The  revolution  of  the  warped  surface, 
ABBA.',  generates  E,M,  E',V,  simultane- 
ously, and  completes  the  generation  of 
all  in  the  same  time.  Therefore,  if  an 
independent  line  be  considered  to  be 
generated  by  the  uniform  motion  of  a 
point  in  the  same  time,  and  x  be  em- 
ployed to  denote  its  length  at  any  time, 
the  magnitude  of  upper  base  at  such 
time,  however  irregular  the  generation  be, 
may  be  expressed  as  E(x),  according  to 
the  demonstration  of  the  introductory 
part  of  this  paper.  Similarly,  M,E',Y,  at 
any  state  are  F'(x),E"(x),F"/(x).  Now, 
since  the  variables  of  eq.  (15)  are  all 
functions  of  a  single  variable,  x,  if  the 
integration  of  all  the  terms  be  performed 
between  the  limits  x=o,  x—l,  or,  when 
the  independent  line  is  the  cii-cumference 
of  a  circle,  whose  radius  is  unity,  between 
the  limits  x=o,  x=%7t,  there  is  obtained 

V=|[E+4M+E'J;  (16) 

that  is,  the  p.  f.  applies  to  the  space. 

If  the  integrals  be  confined  by  closer 
limits,  it  results  that  the  p.  f.  applies  to 
such  a  space  as  ABB'ITAA'. 

When  the  generating  warped  surface 
reaches  the  position  AGG'A',  the  next 
cIFj'  is  negative,  while  the  corresponding 
dE  is  positive,  because  HH'  crosses  the 
opposite  face  of  the  shape  AGrHH'G'A'A. 
Further  on,  both  become  negative,  and 
remain  so  until  one  edge  of  differential 
solid  again  crosses  its  opposite  face. 

The  limits  of  the  integrals  may  be  ex- 
tended, such  corresponding  to  the  case 
of  the  revolution  of  AB  through  more 
than  360°.  The  unreal  shape  thus  pro- 
duced, may  have  parts  of  double,  triple 
or  greater  intensities ;  also  parts  may  be 
negative  or  null.     The  p.  f.  still  applies. 

The  class  of  shapes  which  are  bounded 
laterally  by  ruled  surfaces,  are  very  im- 
portant for  two  reasons :  First,  nearly  all 
ordinary  prismoidal  shapes  are  included. 
Second,  when  it  is  necessary  to  determine 
the  volume  of  a  space  covered  by  a  given 
unknown  surf  ace,  it  is  possible  to  approx- 
imate it,  readily  and  as  nearly  as  is 
desirable,  by  means  of  ruled  surfaces; 
whereas  it  is  impossible  by  aid  of  the  eye 
to  approximate  it  by  means  of  surfaces 
all  of  whose  elements  are  given  curves, 
because  the  eye  cannot  recognize  the 
nature  of  a  flat  curve,  but  can  always 
recognize  a  straight  line.     The  plane,  a 
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surface  composed  in  every  direction  of 
straight  lines,  is  not  pliable  enough  to 
enable  us  to  use  it  with  accuracy  for  any 
but  small  extents  of  surface. 

It  is  evident  that  this  class  of  shapes 
may  have  very  grotesque  forms.  For 
instance,  at  one  place  a  logarithmic  curve 
may  extend  from  base  to  base,  at  another, 
the  sinusoid,  at  another,  a  line  repre- 
sented by  an  algebraic  equation  of  the 
hundredth  degree,  and  at  still  another 
place  may  be  a  broken  line ;  yet  the  gen- 
eratrix can  be  moved  so  as  to  pass 
through  every  point  of  all. 

The  following  somewhat  similar  rules 
are  interesting,  though  they  do  not  in- 
clude many  practical  shapes. 

The  2^fismoidal  formula  applies  to 
every  shape  bounded,  terminally,  by  two 
parallel  planes,  and,  laterally,  by  the 
surface  generated  by  the  motion  of  the 
ordinary  parabola,  returning,  finally,  to 
its  initial  position,  but,  meanwhile, 
undergoing  any  series  of  changes  in 
amount  and  direction  of  curvature, 
position  of  principal  vertex,  and  direc- 
tion of  containing  plane,  the  principal 
axis,  however,  always  remaining  parallel 
to  any  line  in  either  base. 

The  prismoidal  formula  applies  to 
any  shape  contained  by  two  parallel 
bases,  and  a  lateral  surface  generated  by 
the  motion  of  a  cubic  parabola  whose 
plane  is  always  parallel  to  a  given  plane, 
but  whose  curvature  and  point  of  inflex- 
ion may  pass  through  any  series  of 
changes  in  amount,  direction  and  posi- 
tion. 

It  is  often  necessary  to  calculate  the 
contents  of  ungulas  and  their  frusta. 
Sometimes  the  p.  f.  is  applied  to  these. 
Let  us  examine  this  case  in  a  general 
manner.  Consider  the  shape  whose  sur- 
face is  formed  by  revolving  the  line 

y=a  +  bx  +  ex*  +  dx3  +  etc. 

about  the  axis  of  X.  Consider,  also,  a 
secant  surface  composed  of  straight  line, 
parallel  elements,  perpendicular  to  plane 
XY.     The  equation  of  this  surface  is 

y'-—a'  +  b'x  +  c'x*  +  d'x3  +  etc. 

At  a  distance  x  from  origin,  the  magni- 
tude of  generatrix  of  either  segment  of 
the  space,  is  a  semicircle  whose  radius  is 
y,  plus  or  minus  a  segment  of  the  same 
circle,  included  between  diameter  and 
chord  distant  from   center   by    y ' .     Its 


area  is,  consequently, 


y 


%7iif±y'^/y2_y>*±y*Km     *—. 

In  order  that  p.  f.  shall  apply,  this  must 
be  equivalent  to  an  algebraic  expression 
of  third  or  less  degree.  The  trans- 
cendental factor  of  the  last  term  must, 
therefore,  be  constant.  Hence,  the  pro- 
portion, 

a'  :  a  :  :   b'  :  b  :  :   c'  :  c  :  :  etc., 
and    y'  :  y  :  :  A  :  1  :  :  a' :  a  :  :  etc., 

in  which  A  is  any  constant  quantity, 
must  subsist.  The  second  term  now  be- 
comes A^Vl — A3.  From  this  it  is  seen 
that  A  must  be  less  than  unity,  and  that 
all  coefficients  beyond  b,  b',  must  be 
zero. 

The  interpretation  of  this  is :  The 
shape  must  be  a  cylinder,  a  cone  or  a 
frustum  of  a  cone.  The  secant  surface 
must  be  a  plane,  parallel  to  elements  of 
cylinder,  or  passing  through  vertex  of 
cone,  or  through  vertex  of  the  cone 
whose  frustum  is  considered.  On  p.  34 
of  Trautwine's  Civil  Engineer  s  Pocket- 
Booh,  that  author  describes,  and  illus- 
trates by  diagram,  a  segment  of  a 
cylinder  made  by  a  secant  plane  not 
parallel  to  elements,  but  which  is 
merely  required  to  pass  through 
both  bases ;  and  he  denominates  it  as  a 
space  to  which  the  p.  f.  applies  exactly. 
The  foregoing  demonstration  shows  that 
this  is  not  so.  It  is  well  to  point  this 
out,  because  an  error  becomes  very  im- 
portant, when  contained  in  a  book  other- 
wise so  admirable  as  to  claim  the  full 
confidence  of  engineers. 

The  magnitude  of  the  generatrix  of 
any  space,  is,  at  any  position,  a  function 
of  the  corresponding  ordinates  of  all  the 
longitudinal  elements  of  its  boundary. 
Therefore,  any  number  of  these  elements 
may  be  arbitrarily  fixed,  while  enough 
remain  free  to  have  such  values  accorded 
their  ordinates  as  shall  render  the  value 
of  the  function,  that  is,  the  area  of  gener- 
atrix, whatever  we  please  in  terms  of  the 
path;  and,  as  these  remaining  elements 
are  infinite  in  number,  there  are  an  infin- 
ite number  of  solutions  to  this  problem. 
This  enables  us  to  impose  uncommon 
conditions  upon  prismoidal  space,  and. 
by  selecting  one  of  the  solutions,  to  ob- 
tain the  equation  of  an  extraordinary 
prismoidal  shape. 
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Thus,  let  it  be  required  to  determine 
the  equation  of  the  boundary  of  a  pris- 
moidal  space,  such  that  the  line  of 
double  curvature, 

z  =  a  +  bx  +  cx3—dxb  +  exi 
y=g  +  hx2—xi  +  kx' 

shall  be  contained  in  that  boundary. 

Let  every  cross  section,  parallel  to  the 
plane  YZ,  be  an  ellipse  with  its  principal 
axes  parallel  to  the  axes  of  Y  and  Z.  At 
a  distance  x,  the  equation  of  the  cross 
section  is 

A\z-ny  +  B\y-my=A*B\ 

Of  the  four  conditions  which  may  be 
imposed  upon  this  cross  section,  we 
exhaust  one  in  making'  its  perimeter  pass 
through  the  given  line,  by  assigning  to  z 
and  y  their  values  in  the  equations  of 
that  line.     For  the  other  conditions  let 

m  —  g  +  hxi—xi  +  kx\ 

n  =  —dxb  +  exa, 
and  A  =a  constant, 

whence,     B=a  +  bx  +  cx3, 
kf  order  that  the  area,  7rAB,  shall  be 
nA(a  + bx  +  cx3). 

The  last  expression  shows  that  p.  f. 
applies  to  the  space  in  question.  Substi- 
tuting in  the  general  equation  of  the 
ellipse  the  values  of  A,B,  m,n,  in  terms 
of  x,  and  making  x  general,  we  obtain 
the  equation  of  the  shape, 

A*(z  +  dxb-exay  ) 

+  (a  +  bx  +  cx3y\_{y—g—hx%  [  =o. 

+  ^4-K.r7)2-A2]  ) 

Let  it  be  required  to  find  the  equation 
of  a  surface,  symmetrical  about  the  axis 
of  Z,  which  shall  contain  the  lines 

x=log.  (a  +  z), 
y=b  +  c  sin.  z, 

and  shall  be  the  boundary  of  a  prismoidal 
space. 

Let  the  equation  of  any  cross  section, 
parallel  to  XY,  be 

Assigning  to  x  and  y  appropriate  values, 
we  find 

h=log.  (a  +  z), 
gh—ktf—b  +  c  sin.  %. 


^7rlog  («  +  z)  [b  +  c  sin  z  +  k  log2 (a  +  z)~\ 

-%klog*{a  +  z) 
=m  +  nz+pzH  +  qza. 

The  last  member  expresses  the  condi- 
tion that  the  p.  f.  shall  apply.  m,n,p,qt 
are  arbitrary.  Assign  values  to  these; 
solve  equation  with  respect  to  h;  know- 
ing h  and  h  determine  g ;  then,  substitute 
for  g,  h,  k,  their  values  in  terms  of  z,  in 
general  equation  of  cross  section,  and 
make  z  general.  The  result  is  the  equa- 
tion of  the  required  surface. 

Consider  the  space  bounded  by  the 
surfaces, 

y=o,  y=w,  z=o, 
z=axmy«+b^yi+c^''ys+dxtyujretc.  (17) 

The  exponents  m,n,p,  etc.,  of  equation  of 
top  surface,  having  any  given  values,  it  is 
required  to  find  the  relation  which  must 
exist  among  the  values  of  coefficients  of 
tbis  equation,  in  order  that  the  p.  f.  shall 
apply  in  the  direction  of  X. 

Eq.  (17)  may  be  placed  in  this  form. 

f  al  +  b}x  +  cp?  +  dxx3  +  £,£c4    • 
+g1xi  +  etc. 
+  (a2  +  b^x  +  cjx?  +  d^x3  +  e,zx* 
+ g„xb  +  etc.)?/ 
+  (a3  +  b3x  +  c3x*  +  d3x3  +  63a;4 
+gsx5  +  etc.)y2 
+  etc. 

This  last,  for  any  value  of  x,  is  the 
equation  of  the  corresponding  transverse 
element  of  the  surface.  Therefore,  the 
result  of  the  multiplication  of  this  general 
value  by  dy,  and  the  integration  between 
y=o,  y=w,  is  the  area  of  the  generatrix 
at  the  distance  x  from  origin.  In  order 
that  the  p.  f.  may  apply  between  any 
limits,  this  area  must  equal 

m  +  nx  +px2  +  qx3,  (19) 

where  m,  n,  p,  q,  are  arbitrary.     Then 

(a,  +  bjc  +  cYx2  +  d^3  +  sxx*  + 

gxx*  +  etc.)w 

+  £(ag  +  b2x+cjx?  +  dp3  +  s^x* 

+g^  +  etc.)w2  I    =0,   (20) 
+  i(ai  +  b3x  +  c3x2  +  dsx3  +  esxi   ' 
+g3x5  +  etc.)io3 
+  etc. 
— m-nx-px2-qx3 

is  the  criterion. 
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If  we  make  the  sum  of  all  coefficients 
of  the  same  power  of  x,  equal  to  zero,  eq. 
(20)  is  true.  ■  That  is,  eq.  (20)  is  true,  and 
the  p.  f.  applies  to  shape  covered  by  (17) 
or  (18)  when  in  latter  one  coefficient  of  a 
term  containing  x  to  each  power,  is  such 
a  function  of  to  and  all  other  coefficients 
of  terms  containing  x  to  same  power,  as 
is  implicitly  expressed  by  the  equation 

#,w  +  2#X  +  3#yw'3  +  etc-  =  (>-         (2l) 

Since  m,  n,  p,  q,  are  arbitrary,  the  co- 
efficients of  terms  containing  x  to  powers 
less  than  fourth,  need  .not,  if  we  please, 
be  altered. 

We  may  also,  by  alteration  of  the  co- 
efficient and  exponent  of  x  in  any  one 
chosen  term  of  eq.  (17),  make  this  the 
equation  of  a  surface  covering  prismoidal 
space.  Thus,  to  one  coefficient,  as  c,,  e2 
or  d3,  may  be  given  such  a  value  hi  terms 
of  the  variable  x  and  all  other  constants 
in  eq.  (20),  as  to  make  that  equation  true. 

Suppose  eq.  (17)  contains  two  or  more 
terms  with  x\  and  none  with  x  to  higher 
powers,  whatever  be  the  powers  of  y. 
If,  now,  in  eq.  (20),  the  coefficients, 
m,  n,  p,  q,  have  all  the  sets  of  values  pos- 
sible, that  is,  if  the  expression  of  third 
degree,  (19),  have  in  succession  all  the 
values  possible,  in  each  instance  one  co- 
efficient of  x\  or  some  other  coefficient, 
may  have  such  a  value,  according  to  eq. 
(21),  as  to  make  eq.  (20)  true.  Therefore, 
there  may  be  as  many  surfaces  of  the 
fourth  degree,  with  respect  to  x,  such 
that  the  p.  f.  applies  to  the  sj)ace  covered 
by  it,  as  there  are  surfaces,  altogether, 
susceptible  of  representation  by  a  cubic 
equation.  For  every  additional  term  in 
eq.  (17)  containing  ,r4,  the  number  of  such 
surfaces  becomes  infinitely  greater.  In 
general,  the  number  of  surfaces  of  any 
degree,  covering  prismoidal  space,  is,  at 
least,  equal  to  the  whole  number  of  sur- 
faces of  degree  next  lower,  and  it  may 
be  infinitely  greater. 

For  a  particular  set  of  values  of  m,  n, 
p,  q,  eq.  (20)  reduces  to  the  more  conve- 
nient form 

(sixi  +glxs'  +  etc.,)w 

+  etc.  J 

which  still  represents  an  infinite  number 
of  conditions. 


Any  surface,  which  varies  with  x  and 
y  but  not  with  z,  as 

y=a  +  /3x  +  yx°  +  dx*  +  ete.,     (23) 

may  be  substituted  for  y=w ;  and  the 
variable  value  of  y  substituted  for  the 
constant  value  w,  in  expression  (20),  or 
(22),  whereafter  it  will  be  necessary  only 
to  make  one  constant,  as  al?  e3,  etc.,  or 
a,  ft,  etc.,  a  certain  function  of  the  re- 
maining quantities,  that  there  may  result 
the  equations  of  the  two  surfaces,  con- 
ditioned to  enclose  a  prismoidal  space. 

It  follows  from  the  above  that  through 
any  number  of  points,  arbitrarily  fixed, 
except  that  more  than  one  be  not  in  the 
same  perpendicular  from  base,  a  surface 
may  be  passed,  while,  also,  the  width  of 
shape  may  vary  according  to  any  given 
function  of  x,  so  that  between  any  limits 
the  p.  f.  shall  apply  to  the  space  enclosed. 
Such  a  surface  can  be  passed  through 
the  points. 

x=l,  y=±,  z=±, 

x=2,  y=-A,  3=2, 

x=S,  y=4z,  z—3, 

x=5,  y=4:,  z=2, 

x=3,  y=l5  2=5, 

x=6,  y—%  z=l, 
and  the  curve 

y=x  +  ±  2=2  Nap.  log.  (1+y) 

Thus,  through  first  four  points  and  the 
curve,  at  a  point  in  same  vertical  plane 
with  these,  pass  a  line  of  fourth  degree. 
Through  the  last  two  points,  and  the  two 
points  in  same  vertical  plane  of  the  two 
curves,  pass  a  cubic  parabola.  With  the 
three  curves  as  directrices,  and  the  plane 
ZY  as  a  plane  director,  generate  a  sur- 
face by  motion  of  a  cubic  parabola.  The 
area  of  generatrix,  at  any  distance,  x,  is 
now  represented  by  an  expression  con- 
taining one  arbitrary  quantity.  Assign 
such  a  value  to  this  as  shall  make  the 
expression  equivalent  to  a  cubic  equa- 
tion. 

Between  given  limits  in  directions  of 
X  and  Y,  a  surface  of  any  degree  may  be 
found,  such  that  to  the  space  covered  by 
which  the  p.  f.  shall  apply  in  both  direc- 
tions. This  can  be  shown  most  briefly 
by  an  example.     Consider  the  space 

z= axby  +  bx*ys  +  cx'y*  +  dx'y' 

+  exy'+fx  +  y. 
"Integrate  with  respect  to  y,  between 
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limits  o  and  io,  all  terms  containing  x  to 
higher  powers  than  the  third,  and  set  re- 
sult equal  to  zero,  using  as  criterion  (22). 

o=^axbic1  +  i:bxiio\     .-.  b— „  • 

£  *  to 

Substitute  in  original  equation;  then? 
proceeding  in  like  manner  for  y,  I  taking 
the  place  of  ic,  we  obtain 

o=wr+&f*-    ■<*  =  — %• 

The  required  equation  is 

2axbys         ,  .     ±cxsy* 
z=axy-—r-+cxy--^f- 

+  exy2+fx+g. 

In  exactly  same  manner  space  may  be 
treated,  when  its  boundaries  are  repre- 
sented by  equations  containing  polar 
co-ordinates,    r,6,z.      Now   the    area   of 

generatrix  is  \  I       ra  d  6,  instead  of  / 

zdy.     Examples  of  prismoidal  shapes  are 

the  following  two : 

ta,     lax*  6* 

r—axsd 77—^  +  c, 

40  n2 

r  =  Vaxi62-%7caxi6+bx30+cx*Ub+dx  +  g- 

The  equation  of  every  shape,  or  of 
every  surface,  is 

o = A.rm-6nzP  +  Br?  0  V  +  etc.  ad  inf. 

It  may  be  shown  that  this  space  can  be 
made  subject  to  the  p.  f.  by  alteration  of 
any  one  tenn  of  its  equation. 

No  equation  of  finite  degree,  repre- 
senting a  bounding  surface,  can  define 
the  limits  of  applicability  of  the  p.  f., 
because  surfaces  of  higher  degrees  en- 
close prismoidal  spaces.  It  requires  two 
equations  of  infinite  degree,  one  the  gen- 
eral equation  of  the  surface,  and  the 
other  the  equation  of  condition,  to  define 
the  limits.  The  number  of  equations  of 
finite  degree  necessary  is  infinite. 

"When  the  bounding  surface  of  pris- 
moidal space  is  of  high  degree,  there  may 
be  a  correspondingly  great  number  of 
negative  parts  in  the  complete  space; 
but  the  generatrix,  being  considered  as 
a  whole,  can  change  its  sign  no  oftener 
than  three  times,  since  it  varies  as  the 
ordinate  of  a  cubic  parabola. 

The  formula 


w=-i  JA  +  3B  +  3B'  +  A'  I, 


(24) 


where  the  capital  letters  in  parenthesis 
represent  areas  of  cross  sections,  divid- 
ing length  of  space  into  equi-parts,  has 
no  greater  extent  of  exact  application 
than  the  ordinary  p.  f.,  though  it  de- 
pends upon  four  cross  sections.  So,  the 
formula  for  rectangle, 

v=al,  (25) 

where  a  is  area  of  mid  section,  has  equal 
extent  of  application  with  the  trapezoidal 
formula,  where  a=£[A-}-A'].  The  same 
is  noticeable  in  formula?  of  wider  appli- 
cation. 

If  we  multiply  the  generatrix  of  space, 
F(x),  by  dx,  and  integrate  between  —  ^l, 
+  ^l,  we  obtain 

v=l[a  +  ^Jcl1  +  ^eli  + etc.].  (26) 

This  does  not  depend  upon  odd  powers 
of  x  in  F  (x).  For  rectangle,  (26)  re- 
duces to  (25) ;  and,  since  b  does  not  ap- 
pear, this  is  true  for  any  trapezoid. 

When  F  (x)  is  of  second  degree,  an- 
other pair  of  cross  sections  must  be  in- 
troduced.    Then, 

A.'  =  a  +  ±bl+±d2, 

A  +  A'=2a  +  ±cl% 
Ty^=i[A-2a  +  A']. 

•  ••  v=g[A+-4a-t-A']; 

and  this  is  applicable  to  spaces  of  third 
degree. 

If  F  (x)  be  of  fourth  degree,  then, 

A  +  A'=2«  +  ^2  +  ier, 
B  +  B '  =  2a  +  ±c?  +  yig  el4. 

Find  from  these  ^cl2  and  -£$el*.  Then, 
(26)  is 

u=J_[7A  +  32B  +  12a  +  32B'  +  7A'].  (27) 

This  is  exact  when  F  (x)  is  of  fifth 
degree. 

An  interesting  but  lengthy  method  of 
forming  these  rules  is  found  in  Israel 
Lyon's  Treatise  of  Fluxions,  London, 
1758,  pp.  173-8.  A  very  elegant  method 
by  Chauncey  Wright,  is  published  in  the 
Mathematical  Monthly,  Mass.,  Oct.  and 
Nov.,  1858.  Another  method  is  shown 
in  Boole  s  Calcidus  of  Finite  Differences. 

Numerous  writers  have  furnished 
theorems  of  more  or  less  generab'ty,  de- 
fining whole  classes  of  shapes  subject  to 
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the  p.  f.  Want  of  space  compels  us  to 
mention  the  names  of  a  few  only,  and  to 
omit  their  rules  altogether.  These 
chiefly  relate  to  the  shape  shown  in  Fig. 
6,  and  to  the  shapes  formed  by  revolu- 
tion of  conic  sections. 

Thomas  Simpson  in  1750  decomposed 
the  ordinary  prismoid  into  two  wedges, 
and  derived  the  formula 

The  ordinary  rule  follows  directly  from 
this.  The  same  mathematician  devised 
the  popular  rule  for  mechanical  quad- 
ratum,  which  bears  his  name.  He  could 
not  have  failed  to  notice  the  similarity 
between  them. 

Charles  Hutton  in  his  Mensuration, 
1770,  constructs  the  formula  in  its  com- 
mon shaj)e.  He  demonstrates  that  it  is 
applicable  to  all  solids  generated  by  the 
revolution  of  a  conic  section,  and  to  their 
frusta. 

Professor  Gillespie  of  Union  College 
demonstrated,  in  1857,  before  the  Ameri- 
can Association  for  the  Advancement  of 
Sciences,  that  the  formula  is  applicable 
to  the  space  covered  by  the  hyperbolic- 
paraboloid.  This  was  a  most  important 
extension  of  its  uses. 

John  "Warner  made  similar  demon- 
strations in  his  treatise  on  earthwork 
calculations,  1861. 

Charles  Baillairge,  a  Canadian,  pro- 
posed in  a  treatise  on  mensuration, 
1866,  to  use  the  p.  f.  as  an  universal  rule, 
for  practical  purposes,  in  quadrature  and 
cubature.  He  mentions  no  new  shapes, 
to  which  the  formula  applies  exactly; 
but  simply  uses  a  succession  of  piis- 
moids  to  approximate  any  given  space, 
[Simpson's  method],  and  indicates  what 
shapes  need  a  close  assemblage  of  meas- 
ured cross-sections,  and  those  whose 
contents  are  exactly,  or  very  nearly, 
represented  by  the  p.  f.  in  one  applica- 
tion. His  work  is  designed  for  artisans 
unskilled  in  mathematics,  and  is,  un- 
doubtedly useful  in  that  respect. 

Professor  Rankine,  the  Rev.  Mr.  Bil- 
lion of  Montreal,  and  Professor  R. 
Steckel  of  Alsace,  France,  have  given  ex- 
cellent general  rules.  Those  of  last  two 
are  published  in  Mr.  Baillairge's  Stereo- 
metrical  Tableau. 

None  of  the  foregoing  writers  produced 
widely  general  rules. 


Chauncey  Wright,  in  1858,  in  Got. 
number  of  the  Mathematical  Monthly. 
Cambridge,  Mass.,  obtained,  by  a  brief 
and  elegant  demonstration,  the  cubic 
equation,  (11),  as  expressing  the  law  of 
variation  in  magnitude  of  the  generatrix 
of  prismoidal  spaces.  This  was  the  so- 
lution of  the  problem  which  had,  proba- 
bly, engaged  the  attention  of  many  mathe- 
maticians before. 


Prof.  E.  W.  Hyde,  of  the  University  of 
Cincinnati,  in  1876,  published  in  the  July 
number  of  the  Analyst,  Des  Moines. 
Iowa,  an  article  entitled,  Limits  of  the 
Prismoidal  Formula.  He  attempted  to 
determine  the  limits  of  the  f  ormula's  appli- 
tion  by  means  of  eqs.  representing  shapes, 
or  the  bounding  surfaces.  If  in  eq.  (20) 
of  present  paper,  m,  n,  p,  q,  be  assigned 
such  values  as  reduce  that  equation  to 
the  form  of  eq.  (22),  and  then,  to  satisfy 
this,  each  remaining  coefficient  as  gx,  e„, 
etc.,  be  made  zero,  the  resulting  class  of 
shapes  is  that  which  he  discusses.  Evi- 
dently, the  longitudinal  elements  can 
only  be  lines  of  third  degree  or  less. 
Using  the  co-ordinates,  x,  0,  p,  he  shows 
that  the  p.  f.  applies  to  the  shape, 

P  =  Vxf{d)  +  xf(0)  +  xf(0)+f(6), 

where  6  may  have  any  exponent,  but  x 
must  not  be  of  higher  degree  than  third. 
This  paper  is  very  interesting,  and  the 
formulae  include  many,  though  not  all, 
practical  shapes. 

The  present  writer  was  led  to  investi- 
gate the  subject,  by  a  desire  to  compare 
the  range  of  a  new  and  general  center  of 
gravity  formula  with  that  of  the  pris- 
moidal formula.  From  special  trials 
upon  spheroids,  paraboloids  and  other 
common  shapes,  they  seemed  to  occupy 
the  same  field.  The  result  and  the  form- 
ula itself  shall  be  published  shortly. 
Other  than  this,  the  most  important  re- 
sult of  this  paper,  eq  (11),  has  been 
anticipated  by  Chauncey  Wright.  The 
writer  has  endeavored  to  make  this  re- 
sult, if  possible,  more  general,  by  com- 
mencing with  the  conception  of  every 
space,  and  by  discussing  equation  (10) 
thoroughly. 

The  writer  is  especially  indebted  to 
Prof.  E.  W.  Hyde  for  information  and 
references. 
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A  VISIT  TO  A  MINING  DISTRICT  IN  CHINA. 

By  G.  J.  MORRISON,  M.  Inst.  C.E. 
From  "  The  Builder." 


In  China, — that  great  land  of  undevel- 
oped wealth, — there  are  villages  and 
whole  districts  where  all  the  men  one 
sees  are  covered,  I  might  almost  say 
clothed,  with  coal  dust,  for  they  wear 
little  else  in  summer,  and  where,  as  there 
are  no  railways,  one  meets  long  trains  of 
coal-laden  mules,  asses  or  camels,  accord- 
ing to  the  nature  of  the  country. 

About  ten  or  twelve  miles  to  the  west 
of  Pekin,  runs  a  river  called  the  Hun  Ho. 
This  is  a  shallow  river,  fordable  in  many 
places  in  dry  weather,  but  after  heavy 
rains  it  is  subject  to  great  floods,  which 
make  its  passage  difficult  and  dangerous 
even  by  a  ferry-boat.  There  is,  however, 
one  bridge  across  it  which  is  always 
available. 

Pekin  is  situated  on  an  immense  plain, 
but  immediately  to  the  west  of  the  Hun 
Ho  the  country  becomes  hilly.  Mount 
Conolly,  as  it  is  called  by  foreigners, 
which  rises  to  a  height  of  5,000  feet  or 
6,000  feet  above  the  sea,  is  the  highest 
peak  in  the  immediate  neighborhood. 
The  whole  of  these  hills  abound  in  coal, 
and  the  district  is  generally  termed  by 
foreigners  the  Chai  Taeng  district,  from 
the  name  of  a  village  about  forty  miles 
from  Pekin,  and  near  which  some  of  the 
best  coal-mines  are  situated.  Being  iri 
the  neighborhood  in  August,  1877,  I  had 
an  opportunity  of  forming  one  of  a  party 
to  visit  these  hills.  The  party  consisted 
of  Mr.  Nicolson,  of  the  Diplomatic 
service;  Mr.  Brenan,  of  the  Constdar 
service  (who  is  thoroughly  acquainted 
with  the  colloquial  language)  and  myself. 

Having  started  early  one  Monday 
morning,  we  crossed  the  Hun  Ho  by  a 
ferry  at  a  village  called  Ma  Tu,  and  at 
once  began  to  ascend  the  mountain-road 
leading  to  the  mines.  By  ten  o'clock  we 
reached  the  entrance  to  the  Ta  Tao,  or 
.  great  mine,  situated  about  eighteen  miles 
west  of  Pekin,  and  1,050  feet  above  the 
sea. 

The  mines  here  are  not  worked  as  most 
.mines  are  in  England,  'by  shafts  sunk 
vertically,  but  by  "  adits "  or  entrances 
from  the  side  .of  the  hill,  as  is  sometimes 


done  at  home.  The  people  look  for  some 
place  where  the  seam  of  coal  crops  out 
at  the  surface.  They  then  begin  making 
a  tunnel  about  four  feet  wide,  and  four 
feet  six  inches  high,  carefully  lining  the 
side  and  roof  with  timber,  so  as  to  pre- 
vent any  of  the  earth  falling  in,  and  they 
.work  on  in  this  way  until  they  have  ar- 
rived at  good  solid  coal,  with  firm  rock 
above  and  below,  the  portion  near  the 
surface  being  generally  more  or  less  loose 
and  broken  up.  When  they  are  fairly  in 
the  solid  coal,  they  begin  working  out 
coal  to  the  right  and  the  left,  as  well  as 
in  front.  If  they  were  to  work  out  a 
large  area  without  taking  any  precau- 
tions, the  roof  would  fall  in ;  they  there- 
fore place  temporary  props  of  timber 
where  they  are  working,  and,  in  addition, 
they  carry  forward  their  main  road  by 
carefully  continuing  the  timber  work  of 
the  tunnel,  and  also  on  each  side,  outside 
the  timber,  building  a  wall  of  the  rub- 
bish which  is  excavated  with  the  coal,  so 
that,  even  if  the  roof  of  any  portion  of 
the  working  falls,  they  are  sure  of  having 
a  road  through  which  they  can  reach  the 
solid  coal  further  in.  The  coal  when 
originally  deposited,  was  no  doubt  level, 
but  since  that  date  there  have  been  great 
upheavals  of  the  strata,  and  much  of 
the  coal  now  lies  at  a  very  steep  angle, 
sometimes  as  much  as  sixty  degrees  to 
the  horizontal.  The  road  or  tunnel, 
therefore,  following  as  it  does  the  seam 
of  coal,  is  sometimes  flat  and  sometimes 
steep,  and  as  various  local  causes  make 
it  convenient,  during  the  progress  of  the 
work,  to  carry  the  road  to  one  side  or  the 
other,  it  happens  that  the  main  road  in 
an  old  mine  is  as  crooked  as  a  corkscrew. 
There  is  yet  one  other  peculiarity.  Al- 
though the  tunnel  is  begun  so  large  that 
a  man  can  enter  by  stooping,  it  often 
happens  that,  when  the  seam  is  thin  and 
the  roof  and.  floor  composed  of  hard 
rock,  the  miners  grudge  the  expense  of 
cutting  it,  and  the  road,  therefore,  gets 
lower  and  lower  until  the  final  limit  is 
reached  of  a  road  so  low  that  a  man  can 
only  just  crawl  through  it.    Now,  having 
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come  to  see  the  mines,  I  was  determined 
to  enter  into  one  and  see  the  workings 
for  myself.  We,'  therefore,  addressed 
ourselves  to  some  miners  whom  we  found 
at  the  mouth  of  the  Ta  Yao.  At  first 
they  thought  it  was  all  a  joke,  and  it  was 
a  considerable  time  before  they  could  be 
persuaded  that  I  was  in  earnest.  Then 
they  said  it  was  impossible;  that  one 
foreigner  had  tried  some  years  previously 
and  had  failed;  that  I  would  ruin  my 
clothes,  and  made  various  other  object- 
ions, but  finally  we  prevailed.  And  so, 
divesting  myself  of  most  of  my  clothing, 
I  took  a  lamp  and  prepared  to  follow  my 
guide  to  the  depths  of  the  mine.  The 
lamp  was  a  curiosity  in  its  way.  In 
principle,  it  was  the  same  as  the  ordinary 
open  lamp  used  in  the  Scottish  mines ; 
but  in  general  appearance  it  resembled  a 
teapot  without  a  handle.  It  was  carried 
by  a  string  passed  round  the  head ;  and, 
being  globular,  it  rolled  about  a  great 
deal,  and  as  it  must  have  weighed  over 
1J  lbs.,  it  was  a  serious  addition  to  the 
troubles  of  the  journey. 

On  entering,  I  found  that  all  along 
the  floors  there  was  laid  a  ladder  about 
two  feet  wide,  having  good  large  rungs 
eight  inches  or  nine  inches  apart.  The 
ladder  was  roughly  made,  but  was  tolera- 
bly level  on  the  upper  surface.  My 
guide,  who  at  first  took  a  fatherly  inter- 
est in  me,  at  once  signed  to  me  to  walk 
on  the  rungs  of  the  ladder,  and  not  to 
let  my  foot  slip  between,  as,  in  the  event 
of  there  being  a  hole,  I  might  break  my 
leg.  Very  soon  the  road  got  so  steep 
that  I  had  to  sit  on  the  ladder  and  let 
myself  down  gently,  catching  the  rungs 
with  my  heels ;  then  it  became  so  steep 
that  I  had  to  turn  my  face  to  the  ladder 
and  descend  in  the  ordinary  way.  For 
about  600  yards  the  road  was  of  this 
varied  description,  but  rather  steep  on 
the  whole.  I  estimated  the  total  fall  in 
this  distance  to  be  about  500  feet.  This 
part  of  the  journey  was  tolerably  easy. 
The  roof  was  seldom  less  than  three  feet 
or  three  feet  six  inches  high,  so  that  the 
only  difficulty  consisted  in  passing  the 
coal  drawers,  to  whom  I  shall  refer  pres- 
ently. After  the  first  600  yards,  how- 
ever, the  affair  changed.  The  road 
twisted  a  good  deal,  sometimes  was  up- 
hill, sometimes  down,  and  sometimes 
level,  and  the  roof  was  very  low.  The 
total  length  of  this  portion  was  1,000  or 
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1,200  yards;  and  the  total  fall  must 
have  been  between  100  feet  and  200  feet. 
Along  almost  the  whole  of  this  it  was 
necessary  to  go  on  hands  and  knees  or 
hands  and  feet;  but  this  was  not  the 
worst.  In  several  places  the  roof  was  so 
low  that  I  could  not  go  on  hands  or 
knees.  I  am,  unfortunately,  a  trifle 
larger  than  an  ordinary  Chinese  miner, 
and  not  being  acquainted  with  the  place, 
I  probably  required  one  or  two  inches 
more  space  than  I  should  otherwise  have 
done,  for  it  must  be  remembered  that  the 
roof  is  not  smooth,  and  if  one  thinks  he 
can  crawl  under  a  projecting  stone,  and 
is  mistaken,  he  will  be  painfully  reminded 
of  his  error  by  the  loss  of  a  large  piece 
of  skin  from  his  back,  if  he  is  not  more 
seriously  hurt.  There  was  but  one  way 
for  it,  and  that  was  to  lie  on  my  face, 
stretch  out  my  arms,  and,  resting  my 
weight  on  my  hands  and  elbows,  drag 
myself  forward.  There  were  two  or 
three  places  where  I  had  to  do  this  for  a 
length  of  twenty  yards  at  a  time,  and  I 
was  very  glad  when  I  arrived  at  the 
working  face,  a  distance  of  about  a  mile 
from  the  entrance,  and  still  more  glad 
when  I  again  reached  the  fresh  air,  after 
having  spent  about  three  hours  below 
ground.  The  coal  which  is  here  being 
worked,  is  a  description  of  anthracite, 
but  not  so  hard  and  clean  as  some  found 
on  the  other  side  of  the  hill.  The  seam 
in  this  mine  is  only  one  foot  nine  inches 
to  two  feet  thick. 

It  is  extremely  difficult  to  give  a  fail' 
description  of  the  method  of  working. 
Being  ignorant  of  the  language,  I  could 
ask  no  questions,  and  as  all  old  workings 
are  full  of  rubbish,  it  is  impossible  to  tell 
with  certainty  what  was  done  last,  or 
what  is  about  to  be  done  next.  The  main 
road  running  from  the  surface  was  cross- 
ed at  certain  intervals  by  roads  running 
at  right  angles.  The  miner  ascends 
from  the  road  to  the  working  face,  and 
cuts  away  some  coal,  which  he  rolls  down 
hill  to  the  road,  whence  it  is  taken  away 
by  the  drawers.  "While  this  is  going  on 
he  is  obliged  to  put  temporary  props  to 
support  the  roof,  and  after  a  certain  time 
these  become  so  numerous  as  to  interfere 
materially  with  the  coal  reaching  the 
road,  and  for  this  reason  the  cross  roads 
are  placed  at  the  distance  which  is  found 
by  experience  to  be  most  convenient. 
While  the  miner  is  working  between  the 
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cross  roads,  the  main  road  is  carried 
lower,  and  a  new  road  is  opened,  and  an- 
other miner  is  set  to  work  there.  It 
mast  not,  of  course,  be  understood  that 
all  this  goes  on  with  regularity.-  There 
are  faults  and  other  difficulties  to  en- 
counter. Sometimes  the  coal  is  too  thin 
to  pay,  and  in  an  old  mine  the  workings 
are  most  irregular;  but,  judging  from 
what  I  saw,  this  is  the  arrangement  aimed 
at.  At  the  working  faces  only  the  coal 
is  cut  away,  neither  floor  nor  roof  being 
touched ;  the  space  in  which  the  miner 
works  is  therefore  only  one  foot  nine 
inches  high.  It  is  hard  to  wriggle  about 
in  such  a  place,  and  the  difficulty  of  work- 
ing is  very  great.  It  is,  therefore,  not 
surprising  that  the  output  of  the  mine 
does  not  much  exceed  two  piculs  for  each 
miner  per  day.  A  picul  ought  to  contain 
100  catties  of  1^  lbs.  each ;  but  the 
wretched  practice  exists  in  China  of 
having  piculs  of  120,  140,  or  even  200 
catties,  just  as  at  home  we  have  stones  of 
different  weights.  I  imagine  the  output 
in  this  case  was  about  3  cwt.  per  miner. 

The  tools  used  by  the  miner  are  chisels 
about  twelve  inches  long,  and  one-half 
inch  thick,  and  a  small  hammer.  With 
these  he  cuts  holes  in  the  coal,  and  after- 
wards breaks  off  lumps  of  considerable 
size  by  means  of  wedges.  The  pick  is 
very  little  used  in  these  mines,  although 
it  is  used  in  the  bituminous  coal  mines  a 
few  miles  distant.  The  coal  is  drawn  to 
the  surface  in  baskets  fixed  to  sledges. 
Each  basket  contains  about  100  lbs.  A 
man  or  a  boy  draws  the  basket  by  a 
leather  strap,  which  passes  along  his 
back  over  one  shoulder,  and  back  again 
between  his  legs  to  the  basket.  He  pro- 
gresses on  hands  and  feet,  and  draws  the 
load  after  him,  the  sledge  passing 
smoothly  enough  over  the  ladder, 
whether  the  ground  is  levelled  or  in- 
clined. When  the  ladder  is  steep  the 
process  looks  dangerous,  as,  if  the  man 
were  to  slip,  or  anything  to  give  way,  the 
man  behind  would  almost  certainly  be 
killed.  The  maximum  work  of  a  man  is 
four  journeys  per  day.  In  returning  to 
the  surface  where  the  road  is  steep,  the 
drawer  sits  on  his  basket  and  slides  down 
the  ladder,  using  his  heels  to  guide  him- 
self, and  to  regulate  the  speed. 

The  mines  here  are  never  troubled 
with  water.  When  any  appears,  as  it 
does  occasionally,  the  miners  stop  work 


for  a  few  days,  and  it  runs  away  through 
the  fissures  in  the  strata.  The  ventila- 
tion is  effected  through  ojDenings  to  the 
surface  at  various  places,  which  I  under- 
stood were  either  old  entrances,  or  places 
where  the  workings  had  come  to  the  sur- 
face. It  was  stated  distinctly  that  in 
this  mine  no  special  air-courses  were  cut. 
On  the  day  of  my  visit  the  temperature 
of  the  mine  was  much  lower  than  that  of 
the  external  air,  and  natural  ventilation 
would  be  sufficient  to  keep  the  mine 
fresh ;  but  they  told  us  they  sometimes 
used  fans  below  ground — "something 
like  winno wing-machines,"  about  four 
feet  or  five  feet  diameter. 

They  said  that  with  thirty  miners  and 
thirty  drawers  the  output  of  the  mine 
was  about  sixty  piculs,  which  I  take  to 
be  about  four  tons  and  a  half.  The 
wages  of  the  men  are  three  tias  (about 
Is.  Id.)  per  day,  and  of  boys  two  tias 
(about  9d.).  This  coal  sells  at  the  mine 
at  three  tias  and  a  half  a  picul.  This 
would  appear  to  be  a  losing  game,  but 
the  profit  is  made  on  the  difference  be- 
tween the  miners'  picul  and  the  selling 
picul.  The  mines  are  worked  for  the 
benefit  of  the  owners  of  the  land,  and  we 
were  told  that  they  paid  nothing  to  Gov- 
ernment, except  a  yearly  present  of  small 
amount  to  the  local  magistrate. 

After  hearing  this,  I  fancy  most  people 
will  be  surprised  to  find  that  the  Chinese 
know  so  much  and  effect  so  little.  The 
system  of  working  is  not  unscientific,  and 
only  differs  in  detail  from  our  long  wall 
system  at  home.  Although  we  place  our 
fans  for  the  ventilation  of  collieries  at 
the  surface,  still,  in  the  construction  of 
headings,  &c,  they  are  often  placed  be- 
low. The  Chinese  would  probably  be 
unable  to  cope  with  large  quantities  of 
water ;  but  it  must  not  be  f orgotton  that 
within  a  century  our  own  Cornish  miners 
failed  in  this,  and  only  succeeded  through 
the  assistance  of  outsiders,  of  whom  Watt 
was  the  chief.  But  with  all  this  knowl- 
ledge,  here  is  a  mine  which  has  been 
worked  for  100  years,  and  where  the 
workings  extend  to  the  distance  of  a 
mile,  with  a  daily  output  of  four  or  five 
tons. 

The  great  want  below  as  above  ground 
is  that  of  roads.  I  am  tolerably  safe  in 
saying  that  there  is  no  drawing-road  in  any 
coal-mine  in  Great  Britain  like  the  one 
I  have  described.     There  are,  doubtless, 
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air-courses  as  small,  but  then  men  only 
pass  through  them  occasionally.  The 
worst  roads  are  to  be  found  in  the 
Cornish  mines,  where,  unfortunately,  it 
is  a  common  thing  for  the  miners  to  take 
more  than  an  hour  to  get  from  the  sur- 
face to  their  working  places,  and  the 
owners  comfort  themselves  by  thinking 
that  in  old  workings  nothing  better  can 
be  expected,  and  by  trying  to  believe 
that  it  is  the  miners'  time  and  strength 
that  are  sacrificed,  and  not  theirs. 

Dreadful,  however,  as  is  the  life  of 
these  poor  Chinese  miners,  it  must  not 
be  supposed  that  they  appear  to  be  dis- 
contented. Their  wages  are  more  than  suf- 
ficient to  provide  them  with  plenty  of  good 
food  and  with  houses  to  live  in,  and  as 
they  wear  no  clothes  below  ground,  and 
very  little  in  summer  above  ground,  their 
tailors'  bills  cannot  be  serious  matters. 
They  are  always  civil  and  ready  to  chat 
and  joke  with  anyone,  and  here,  as  over 
the  greater  part  of  China,  a  foreigner  has 
nothing  to  fear  from  the  common  people, 
unless,  either  intentionally  or  accident- 
ally, he  offends  them. 

I  believe  I  am  correct  in  stating  that 
women  are  never   employed  in  Chinese 

mines.     In  this  respect  the  Chinese  are 

far  in  advance  of  the  Japanese,  and,  for 

that  matter,   of  the  Sicilians  and  some 

other  western  nations,  in  whose  mines 

much  of  the  drawing  is  done  by  girls.     I 

have  seen  dozens  of  naked  Japanese  men 

working  in  the  same  mine  with  women, 

whose  clothing  was  just  visible  to  the 

naked  eye. 

Immediately  to  the  west  of  the  mine 

just  described  there  is  a  low  range  of 

hills,  and  after  passing  these  the  scenery 

is  very  fine.     The  numerous  coal-mines 

occasionally     mar    the    landscape;    but 

some  of  the  cliffs  are  magnificent.     The 

roads  are  execrable,  taking  one  up  and 

down  hills  at  almost  impossible  gradi- 
ents.     Mules   and    asses    are   the   only 

beasts  of  burden  that  can  use  them,  and  I  diameter,  and  the  spokes  were  flat  and 


worked  on  the  pillar  and  stall  system; 
that  is  to  say,  large  pillars  of  coal  are 
left  to  support  the  roof,  and  these  are 
worked  out  when  any  portion  of  the 
mine  is  about  to  be  abandoned.  Here 
they  construct  artificial  air-courses,  and 
also  employ  "brattices,"  or  partitions  of 
timber  or  similar  material,  to  divide  the 
passages  in  two,  so  that  the  air  may 
travel  in  along  one  division,  and  out 
along  the  other.  "When  asked  about 
fire-damp,  they  replied  that  they  were 
troubled  with  it  occasionally,  and  in 
some  neighboring  mines  there  had  been 
explosions  killing  peoifle;  but  they 
added,  "these  only  occur  when  the  air 
does  not  circulate." 

It  will  thus  be  seen  that  they  have  not 
a  great  deal  to  learn  in  the  theory  of 
mining.  The  want  of  roads  is  not  so 
much  felt  in  these  mines  as  in  the  thin 
anthracite  seams.  These  seams  are  high, 
and  the  mines  have  not  been  worked  so 
long.  One  draw  can  bring  out  about  a 
ton  a  day,  and  one  miner  can  get  as 
much.  The  tools  used  are  picks  with 
one  head,  that  is  to  say,  in  the  form  of 
an  1,  and  not  of  a  T.  We  were  told  that 
the  price  at  the  pit's  mouth  was  6s.  a  ton, 
but  I  believe  it  is  often  sold  as  low  as  4s. 
The  cost  of  carriage  to  Pekin  is,  however, 
30s.,  so  the  coal  is  dear  enough  there. 

About  thirty-five  miles  west  of  Pekin 
we  came  upon  a  Roman  Catholic  village 
of  8Q0  or  1,000  inhabitants,  called  Sang 
Yu.  Not  far  from  this  village  we  came 
upon  a  mill  for  grinding  wood  and  other 
materials  to  make  joss-sticks.  These 
sticks  are  about  twice  the  length  of  an 
ordinary  pencil,  and  rather  thinner,  and 
of  a  light  brown  color.  They  are  placed 
in  front  of  the  images  in  the  temples, 
and  when  lighted,  smoulder  slowly,  giv- 
ing off  a  slight  and  not  unpleasant  odor. 
The  mill  was  driven  by  a  horizontal 
water-wheel, — a  description  of  turbine. 
The  wheel  was  ei»-ht  feet  or  ten  feet  in 


wheeled  traffic  is  impossible.  Twenty 
miles  a  day,  as  the  crow  fiies,  is  hard 
work. 

The  following  day  we  reached  Chai 
Tang,  about  forty  miles  west  of  Pekin, 
and  we  visited  some  of  the  bituminous 
coal-mines  in  the  neighborhood.  The 
seams  which  we  saw  are  six  feet  or  seven 
feet  thick,  and  there  are  some  much 
thicker.      The     mines     appear    to     be 


The    water   issued   from   a 
impinging   on   the    spokes. 


very   wide, 
spout,    and 

drove  the  wheel  round.  The  whole 
available  fall  of  the  water  was  not  util- 
ized, but  as  the  axle  of  the  wheel  formed 
the  vertical  axle  of  the  'mill,  there  was 
absolutely  no  gearing  whatever,  and 
nothing  that  required  skilled  labor  to 
erect,  or  was  likely  to  get  out  of  repair ; 
and  as   there  was   abundance  of  water- 


428 


VAN    NOSTRAND  S    ENGINEERING    MAGAZINE. 


power  to  be  had,  the  arrangement  was 
very  creditable  to  the  designer. 

The  next  day  we  visited  the  Inrperial 
tile   manufactory   at   Lien  li   ku,    about 
fifteen  miles   west  of  Pekin.     Here   all 
the  yellow  tiles  and  bricks  required  for 
Imperial    buildings   are   made,    as    also 
large  numbers  of  green,  blue,  and  other 
colored  tiles,  for  various  ornamental  pur- 
poses.    The  material  used  is  a  hard  blue 
shale,  nearly  as  hard  as  slate.     This  is 
allowed  to  he  in  heaps  for  some  time.    It 
is   then  ground  to   powder   by   granite 
rollers,  on  a  stone  floor  thirty  or  forty 
feet  in  diameter.     The   powder  is  then 
stored  in  heaps,  and  taken  to  the  works 
as   required.      For    ordinary    work    the 
powder  is  mixed  with  a  proper  propor- 
tion of   water,   and  moulded  into  large 
bricks,    which   are   laid  out   to   dry   for 
some  hours,  after  which   they  are  dealt 
with  by  the  modellers.     When  bricks  are 
to  have  a  moulding  on  them,   say,   for 
coping  a  wall,  the  plan  of  the  operation 
is  as  follows :     Two  pieces  of  wood,  each 
cut  to  the  shape  of  the  moulding,  are 
placed    upright   on   a   slab.      The    clay 
brick  is  placed  between  them,  and  two 
men  run  the  mouldings  roughly  along 
with  chisels.     They  then  apply  straight- 
edges to  test  the  accuracy  of  their  work, 
and  finally  rub  the  edges  with  moulds 
somewhat  in  the  same  way  as  plasterers 
make  mouldings  at  home.     The  brick  is 
then  passed  to  a  third  man,  who  cuts 
any  necessary  holes  in  it,  and  to  a  fourth, 
who  trims  it  off  and  repairs  any  defect. 
The  more  ornamental  tiles  and   bricks, 
representing  fabulous  animals,   &c,  are 
first   roughly   moulded,   and   afterwards 
finished  off  with  tools  exactly  similar  to 
those    used    for    modelling   in   clay    in 
Europe.     Some  of  this   work   has  some 
pretension  to   artistic    merit.      All   the 
bricks  and  tiles  are  baked  in  ovens,  and 
then,  after  having  the  glaze  put  on,  are 
baked  a  second  time.     All  the  work  done 
at  this  manufactory  appears  to  be  first- 
rate,  and  the  number  of  people  enrployed 
when  they  are  busy  is  about  500. 

Much  of  the  work  we  saw,  particlarly 
the  moulding  of  coping  bricks,  coidd  no 
doubt  be  executed  easily  by  machinery ; 
but  seeing  that  labor  is  so  cheap,  I 
doubt  if  any  advantage  could  be  gained 
by  its  introduction.  As  an  example  of 
the  paradoxes  to  be  seen  in  China,  it  is 
worthy   of    remark    that    these    bricks. 


which  deserve  to  rank  with  the  highest 
class  of  artificial  building  materials  in  the 
world,  can  only  reach  the  capital,  distance 
fifteen  miles,  by  being  carried  on  camels 
1  or  mules. 

The   Chinese    manners   and   customs, 
and  modes  of  thought,  differ  so  entirely 
from  our  own,  that  it  is  extremely  diffi- 
cult to  express  any  general  opinion  re- 
garding them.     The  most  contrary  views 
are  stated  by  people  who  agree  perfectly 
on  other   subjects,   and   even  the  same 
j>erson   is   sure    to    bestow    encomiums 
upon  them  at  one  time,  and  to  speak  of 
them   as   little   better    than    savages   at 
another,   in  a  way  that  is  most  perplex- 
ing.    For  instance,    the   money   of   the 
bulk  of  the  inhabitants  consists  of  copper 
coins,   varying  in  value  in  different  dis- 
tricts, but  generally  worth  about  -£%  of  a 
penny  each.    These  coins,  however,  differ 
so  much  in  size  and  quality  that  it  takes 
more  time  to   select  and  count  1,000  of 
them  than  to  perform  the  same  operation 
for  1,000  sovereigns.     Is   it   wonderful, 
then,  that  one  set  of  people  are  fond  to 
talk   of   the    admirable    system   of    the 
Chinese,     which     enables     the     poorest 
person  to  get  the  advantage  of  a  turn  of 
the  market  in  buying  a  single  egg,  while 
others  can  only  look  upon  it  as  a  system 
for   wasting   the   time    of   hundreds    of 
thousands  of  shrofts  (or  money-counters) 
who  might  be  better  employed,  and  for 
extorting  from  the   poorer   classes  pay- 
ments under  the  name  of  exchange  to  an 
amount   which   is   absolutely   appalling. 
Again,    every    particle   of   night-soil    is 
collected   and   employed   as  manure   on 
the  fields.     While  one  man  can  talk  of 
nothing  but  the  almost  unbearable  nui- 
sance caused  by  the  collection  and  distri- 
bution of  the  unsavory  stuff,  another  can 
speak  only  of  the  science  and  industry 
displayed  by  the  people  in  utilizing  the 
valuable  materials  which  civilized  nations 
allow  to  run  to  waste.     These  differences 
may,  to  some   extent,  be  explained  by 
saying  that  one  set  of  people  are  inclined 
to  look  at  the  ends  aimed  at,  while  an- 
other set  look  more  at  the  means  em- 
ployed; but  I  fear  it  will  be  long  before 
the  views  of  writers  on  China  cease  to 
present  contradictions  which  appear  in- 
explicable. 

On  one  point  most  people  are  agreed, 
and  thrt  is,  that  of  all  the  defects  of 
China,  want  of  means  of  internal  com- 
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munication  is  one  of  the  greatest.  They 
have  a  few  bridges,  some  useful  (like  the 
bridge  at  Foochou,  over  the  river  Min, 
which  is  a  work  of  considerable  magni- 
tude), and  some  ornamental  (like  the 
marble  bridge  near  the  Palace  in  Pekin, 
which  is  unquestionably  a  most  elegant 
structure);  but  while  a  few  people  may 
talk  of  such  works  as  evidences  of  enter- 
prise and  public  spirit,  most  people  can 
only  consider  them  to  be  monuments  of 
disgrace  to  a  nation  which  knows  what 
such  things  are,  and  which  will  not  take 
the  trouble  to  repair  the  old  ones  and 
build  new  ones ! 


Of  roads,  I  may  say,  although  I  have 
been  forced  to  employ  the  word  occasion- 
ally, that  they  are  non-existent.  It  is 
the  fashion  among  authors  at  present, 
when  they  cannot  find  English  words  to 
express  their  meaning,  and  sometimes,  I 
suspect,  when  they  are  not  very  clear 
as  to  the  meaning  they  wish  to  ex- 
press, to  employ  words  from  some 
other  language.  Any  one  describing  the 
tracks  through  China,  may  be  excused 
if  he  makes  use  of  the  Chinese  name 
"Loo,"  for  it  is  a  fact,  and  one  for  which 
I  am  thankful,  that  it  has  no  equivalent 
in  English. 
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FPvEE    VOKTEX    MOTION. 

We  have  already  seen  under  what  cir- 
cumstances it  is  impossible  for  rotational 
motion  to  exist  in  a  fluid  mass.  If  the 
fluid  in  its  initial  condition  has  irrota- 
tional  motion — or,  if  it  be  at  rest,  and 
motion  is  induced  by  a  system  of  con- 
servative forces,  then  the  motion  will 
always '  be  irrotational;  i.  e.,  if  the  quan- 
tity 

tidx  +  vdy  +  wdz 

is  at  any  time  an  exact  differential  it  will 
always  be  one.  The  conditions  for  this 
quantity  being  an  exact  differential  are 


dw 
dy 


do  _ 


dz 


die- 

dz 


dio 

dx 


&c. 


Suppose  that  these  quantities  are  not 
equal  to  zero,  but  that  we  have 

1  (dw      dv^ 


?-_l/dw      dv\ 
^~2\d~y~~dlr 
_1  Idu      dw\ 

v~~2\ch~dxr 

1  /dv       du\ 

~2  \dx  ~  dy)  '' 


The  quantities   £,  77  and  <?,  as  is  well 
known,  denote  the  components  of  angu- 


lar velocity  around  the  axes  of  ay  y'and 
z,  respectively,  of  a  particle  whose  ve- 
locities parallel  to  these  axes  are  u,  v,  w. 
That  these  quantities  should  have  certain 
definite  values  different  from  zero  is,  of 
course,  the  condition  that  vortex,  or  rota- 
tional motion  exist  in  the  liquid.  These 
values  of  $,  rj  and  <?,  pre-suppose  that 
we  know  the  values  of  ?/,  v  and  10.  A 
problem  that  now  immediately  jDresents 
itself  for  solution  is  to  find  the  values  of 
u,  v  and  to,  supposing  <?,  rj  and  8,  to  be 
given. 

Assume  three  functions  U,  V  and  "W 
such  that 

_dW    dY, 

dy  ~  dz 

dV     dW 

dz       dx 


w 

_dY 

dx 

dV 

The 
the 

quantities 
equation 

l(,    V 

ind  w 

niust 

satisfy 

dii 

7lx  + 

dv 
dy~  + 

dio 
dz~ 

0. 

It  is  found  without  difficulty  that  this 
equation  will  only  be  satisfied  by  the 
above  values  of  u,  v  and  w  if  the  follow- 
ing conditions  hold, 
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.cVV     cPV     cPV  _       z 
d*Y     cPY 


dx' 

cPY 


dx'  4 


+  ^=~2fh 


dy' 

d2W      d'W 


\dy* 

dV     cW 
-  j-+  —=o. 


dx 

cW 

dx  "*"  dy  "*"  dz 

The  integrals  of  tlie  first  three  of  these 
equations  are  well  known  to  be  given  by 

U= 

B,'dx'dy'dz' 

V= 


2tt  J  J  J 


V(x'-xY  +  (y'-yy+{z'-Zy 


In 
W= 


\ttJ   J   J 


ifdx'dy'dz' 


<lnJ  J  J 


V{x'-xy+(y'-yy+{z'-zy 

Z'dx'dy'dz' 


where  x','y,z'  are  the  co-ordinates  of  any 
other  point  in  the  vortex  element,  and 
£,'  r/,'  C'  are  the  angular  velocities  at  this 
point;  the  denominator, 

r=  ^/{x'-xy  +  ^>-yy  +  (z>-zy 

denotes  the  distance  between  this  point 
and  the  assumed  point  to  which  the  U,V, 
"W  refer.  Before  going  further  it  will  be 
convenient  to  give  two  of  Helmholtz's 
definitions.  The  line  passing  through 
any  point  and  coinciding  at  all  times  in 
direction  with  the  instantaneous  axis  of 
rotation  of  that  point  is  called  a  vortex 
line.  If  we  consider  a  number  of  vortex 
lines  passing  through  every  point  in  the 
perimeter  of  an  infinitely  small  surface, 
they  will  cut  from  the  rest  of  the  fluid  a 
filament  which  is  called  a  vortex  filament, 
or  a  vortex  filament  is  an  infinitely  small 
filament  of  the  fluid  whose  bounding  sur- 
face is  made  up  of  vortex  lines. 

How,  in  our  equations  giving  IT,  V,  W, 
the  points  x,  y,  z  and  x'  y',  z'  are  sup- 
posed to  lie  on  the  same  vortex  filament ; 
we  can  represent  an  element  of  this  fila- 
ment by  dr,  then  our  equations  become, 


t=_l     v-£tfr 

2/r«/      r 

If  &T 

An  J        r 
W=  *zJ    -r- 


where  the  integrations  are  of  course  ex- 
tended over  all  the  space  which  is  sup- 
posed to  be  filled  with  vortex  filaments. 
Now  to  examine  the  condition 


dV       dY       dW 


4- 4- 

dx         dy 


dz 


=  o. 


By  differentiation  we  have 
dV  _      2.    r  f  f{x-x)  Z'dx'dy'dz' 
dx  ~~1nJ  J  J  ~  r< 

dY  1      /»   /•   /*  (y-y')ifdx'dy'dz' 

dy  ~~AnJ  J  J  ^ 

dW_  __1_  p  r  r{z-z') Z'dx'dy'dz' 
~dz~     <LnJ  J  J  r3 

Integrating  by  parts  we  have, 

d~U_     }_  f  fZ'dy'dz' 

~dx~~     AnJ  J         r 

>ld£' 


+  _L  f  f  ftdA/dx'dy'dz' 
^TtJ  J  J  rdx  y 


ifdx'dz' 


dY_  __l    r  r 
dy~     AnJ  J 

clW_     _1 .  /•  rZ'dx'  dy' 

dz  ~~iLnJ  J  r 


Now  since 


d% 

dx 


drj 
dy 


dz  ' 


throughout  the  entire  mass  of  the  fluid 
we  have 

dV 

dx 


U     dY     _e?W  _     _1  j    r  rt'dy'dz' 
«  +  dy        dz  ~~  2n\^  J        r 

p   rri'  dx'dz'         /»  pVdx'dy' ) 

+  y  J  — —  +  J  J  r^r~-  \ 

This  can  readily  be  changed  into  a  sur- 
face integral.  If  dff  denote  an  element 
of  the  surface  of  the  vortex  filament  and 
cos  a,  cos  /?,  cos  y,  denote  the  direction 
cosines  of  the  outward  normal  to  this 
surface,  we  have 

dx'dy'  =  dff  cos  y,  dx'dz' =dff  cos  /?, 
dy'dz'=d&  cos  a; 
therefore  our  integral  becomes 

1     /•  1 

-Q-   /  -  [<?'cos  a  +  ^'cosytf  +  C'cos  y~\dff 

taken  over  the  entire  surface.  Now  from 
the  equation 
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d  B,      d?i      dZ 

dx       dy       dz 


///(; 


dr?       dZ\  y  '  7     7 
-l_-p  -f  y  jdxdy  dz=o 


we  have  also 

^c?cc  ~r  dy  ~r  dz 
"by  integration  this  becomes 

ff£,dy  dz-\-ffrj  dx  dz+ff'Cdx  dy=o 
or  as  a  surface  integral, 

/(£,  cos  a  +  rj  cos  /?  +  £  cos  y)dG—o 
consequently 

^U      <7V       f?W 


<?.*        <% 


cfe 


Substituting  now  the  obtained  values  of 

U,  V,  Yv,  m  the  equations  u= -  7-  --=-  <xc.. . 

and  we  obtain  for  u,  v,  to,  the  following 
values : 

r/ '  [x—x')~]dx 'dy  'dz' 

—  Z'(x—x')~]dx'dy'dz' 

Z'{y-y')~\dx'dy'dz' 
or,  as  these  may  be  expressed, 

U=^J\:dy-Vdz)dr 

v=hf^Tz~"di}lr 


)=lnf^ 


dr 

dx 


■$.^-\dr 
dy) 


Representing  each  of  these  differential 
expressions  by  u',  v',  w'  respectively  we 
see  that  u' ,  v',  w  are  the  increments  of 
a,  v,  to,  which  correspond  to  the  element 
dx  dy  dz  of  the  vortex  filament.  Writ- 
ing for  convenience  of  reference  the 
equations 

,     d    I    d$         <#\ 
U=TAady-r^) 

V~l7rVdz      "  dx) 


dr  I    d\.       =-d\-s 

2tt\    dx         dy , 


we  see  that  they  give  rise  to  the  equation 
£,u[  +  r/v '  +  %w  =  o. 


This  shows  that,  considering  u',  v',  w'  as 
the  components  of  a  certain  new  velocity, 
the  direction  of  the  resultant 


of  these  components  is  at  right  angles 
angles  to  the  direction  of  the  axis  of  ro- 
tation of  the  element  dr.  Again,  we 
have 

,  dr         ,  dr  ,  dr 

u    -= \-v    -=-   +Wr  t-=0 

d  x  dy  dz 

and  the  direction  of  this  resultant  is  also 
at  right  angles  to  the  line  r  joining  the 
element  dr  to  any  other.  Thus  we  see 
that  each  rotating  element  of  the  fluid 
mass  implies  in  every  other  element  a 
velocity  whose  direction  is  at  right 
angles  at  the  same  time  to  the  axis  of  ro- 
tation of  the  first  and  to  the  line  joining 
the  two  elements— i.e.,  at  right  angles  to 
the  plane  containing  the  second  element 
and  the  axis  of  rotation  of  the  first.  It 
is  easily  shown  that 


dr 


Vu"  +  v"2  +  w'i=2^.  V&i  +  ?f  + 


sin  S- 


when  -9-  denotes  the  angle  between  r  and 
the  axis  of  rotation.  From  this  equation 
we  see  that  the  magnitude  of  this  induced 
velocity  is  directly  proportional  to  the 
volume  of  the  first  element,  its  angular 
velocity  and  the  sine  of  the  angle  between 
the  line  joining  the  two  elements  and 
the  axis  of  rotation;  and  also  inversely 
proportional  to  the  square  of  the  distance 
between  the  elements.  Denote  the  an- 
gular velocities  at  the  time  t=o  by  <?0,  rf0, 
C0  then  the  last  equations  of  chapter  I 
become 

i:_i.  dx        dx         dx 
^=^0da  +  7hdb+^d~c 


~  dti        dy 

*=*•£+ "'St*' 

j.  dz        dz 


dy 
1  do 
dz 
de 


a,  b,  c  being  the  co-ordinates  of  an 
arbitrary  particle  we  have  for  the  co- 
ordinates of  another  situated  indefinitely 
near  this  a  +  da,  b  +  db,  c  +  dc,  and  at 
the  time  t  the  co-ordinates  will  be  ,v.  y,  s, 
,v  +  dx,  y  +  dy,  z  +  dz;  now  suppose  that 
at  t=o  we  have 

da     db     dc 
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that  is  da,  db,  cd  proportional  to  the 
initial  angular  velocities — and  suppose 
further  that  the  direction  of  this  indefi- 
nitely small  line  coincides  with  that  of 
the  axis  of  rotation.  Call  the  common 
value  of  these  ratios  €,  s  being  an  indefi- 
nitely small  quantity,  independent  of  the 
time ;  then  we  have 

da=^0£,db=r/0€,  dc=Z°e, 

Substituting  these  values  in  the  above 
equations,  and  we  have 


da=£;£,  dy=r/s,  dz=£z, 


or 


dx 

1'' 


dy 


dz 


consequently  the  direction  of  the  line 
joining  the  indefinitely  near  elements 
will  at  a,ll  times  coincide  with  the  direc- 
tion of  the  axis  of  rotation.  This  com- 
bined with  our  definition  of  a  vortex  line 
shows  us  that  every  particle  of  fluid  that 
lies  on  a  vortex  line  at  any  instant  will 
always  remain  there.  If  we  call  go  the 
resultant  angular  velocity  we  have 

co=  V<$2  +  rf  +  H^Vdx'  +  dy'  +  dz2 

or  the  angular  velocity  so  varies  as  to  re- 
main always  proportional  to  the  distance 
between  the  two  particles.  We  have  all 
along  supposed  the  density  of  the  fluid 
equal  to  unity.  Remembering  now  our 
definition  of  a  vortex  filament,  we  see 
that  any  vortex  filament  must  remain 
composed  of  the  same  fluid  particles. 
Calling  now  k  the  cross  section  of  any 
filament  and  I  an  indefinitely  small  length 
of  the  filament,  that  is 

I—  \/dx'  +  dy*  +  dz' 

we  have  kl= const.;  but  I  is  proportional 
to  u>,  therefore  tok= const,  or  the  product 
of  the  angular  velocity  of  an  infinitely 
small  portion  of  any  filament  into  its 
cross  section  is  a  constant.  Call  now  k , 
&2  the  cross  sections  of  a  filament  at  points 
whose  angular  velocities  are  given  by  cov 
«>2;  and  let  dr  denote  an  element  of  the 
filament ; 


/•,    Idt,       dri       dZ\ 
J^Kdx  +  dy  +  te) 

=  —j  da  {p,  cos  (nx)  +  ?j  cos(ny) 
+  T  cos  (rtz)~\  —  —J  dffui  cos  (con). 


Now  from  the  values  of  i;,  tj,  C/we  see 
that  the  factor  of  drjm  [the  left  hand 
integral  is=o; 

,\fd(j<D  cos  (w?i)  =  o 

But  at  the  ends  of  the  portion  of  the 
vortex  filament  that  we  are  considering, 
we  have  cos  (con)  =  +  1,  and  for  all  other 
points  cos  (wn)  —  o,  and  consequently  our 
integral  is  equivalent  to 

or  the  product  of  the  angular  velocity 
and  the  cross  section  is  a  constant 
throughout  the  vortex  filament.  As 
each  rotating  element  of  the  fluids  implies 
rotation  in  every  other  element,  we  have 
that  all  the  particles  of  fluid  must  be  in 
motion,  and  consequently  from  the  defin- 
ition of  vortex  lines  we  see  that  these 
lines  and  consequently  the  vortex  fila- 
ments cannot  terminate  within  the  fluid, 
but  must  either  terminate  in  its  surface 
or  must  return  into  themselves ;  the 
former  of  these  cases  is  illustrated  by 
the  vortices  formed  in  ninning  water, 
and  the  latter  by  smoke  rings. 
If  in  the  expression 


r  T  P  7  d(wV—v'W)     d(uW 
J  J  J  ClX dx + d 


-mU 


dy 

d(v\J-uY) 
dz 

we  substitute  for  v,  v  and  w  their  values 
in  terms  of  the  derivatives  of  U,V,W,  we 
find  that  this  is  equal  to  zero,  and  from, 
it  we  obtain  the  striking  equation 

fd  it(dW      dY)        /—     —  ) 

J  \  dy  ~  dz  /         \  dz         dx  f 

/dY      dJJx 
\dx       dy } 
_   r  7  j-r/dw      dv\         Idu      dio\ 
J    '      \dy~  dz  I  \dz  ~  dx)     . 

/dv       du\ 
+  W\dx  -~dy) 
or 

fdrx?  +  v>  +  xo'-^lf  f  fdx 

But  we  may  write  for  U,  V,  W  the  values 

_'dT' 

2;" 


V 


1      nifdr' 
~2jcJ  ~r~ 
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27r^       r 

1      /v/r' 

.  •.  jr  u«  +  V*  +  W'=±.J?I  g'Z'+rrfJtJK'  ] 

But  the  expression  for  the  energy  of  the 
fluid  is 

T=iy\?r(Ma  +  y2  +  0 
and  by  virtue  of  the  above  we  have 

We  can  now  take  up  the  simplest  case  of 
vortex  motion  viz.,  that  in  which  the  mo- 
tion is  parallel  to  one  plane.  If  we  as- 
sume this  plane  as  xy  and  further  make 
the  motion  independent  of  z  we  have  the 
angular  velocities  around  x,  and  y,  and 
the  velocity  in  direction  of  z  equal  to 
zero,  or 

We  have  thus 


dp 
dx 


dp 
dy 


dW 

from  which 


c[W 

dx' 


P_dv      da 
dx      dy 


-C=— rr  + 


cTW 


dx2    '     dy* 
which  gives 

W=—fziogp.dff 

when  de  is  an  element  of  the  plane  xy. 
Of  course  as  C  is  independent  of  z  we 
might  have  obtained  this  by  integration 
from  our  general  value  of  W  before 
given.  Here  p  represents  the  distance 
of  the  element  da  in  the  plane  xy  from 
any  other  point  in  that  plane.  Each 
vortex  filament  implies  in  any  other  par- 
ticle of  the  fluid  a  velocity  whose  com- 
ponents are, 


1  Zd6  dp       ,  1 

■ .  -r-  and  -. 

Tt  pay  7i 


Zdff  dp 
p    '  dx 


and  whose  magnitude  is 
1    Zdff 

7t        p 

The  direction  of  this  velocity  is  given  by 
the  cosines 

dp       dp 

dy1      dx 
and  of  the  line  ^by 


or  the  direction  of  the  velocity  is  at  right 
angles  to  p.  Assume  two  quantities  x(), 
yu,  which  define  by  the  equations 

x0f8,dff=fxXd<3, 
yJCde^fyZde* 

Now  if  we  regard  £  as  the  density  of  a 
mass  distributed  over  the  element  dff  of 
the  plane  xy  we  see  that  x0,  y0  will  rep- 
resent the  co-ordinates  of  the  center  of 
gravity  of  this  mass.  Now  /,  the  length 
of  an  indefinitely  small  portion  of  our 
vortex  filament  cannot  alter,  consequently 
by  virtue  of  the  equation  kl=  constant. 
7c  or  dff  cannot  vary  with  the  time  and 
by  virtue  of  kio= constant,  wor'  cannot 
vary  with  respect  to  the  time ;  conse- 
quently, we  have,  by  differentiating  with 
reference  to  t 

dt*S  J  dt       . 

dtJ  J  dt 

Substituting 

dx-v-  1  r"'d6'  y-y' 

dt  nJ      p    '     p' 

dy _    _1   pZ,'d6'  x—x' 
dt~    ~ '  nJ      p    '      p 
we  have 
dx{ 
"dt 
dl 
dt 


f  B,da=-\f f pp'dada^- 
/*2,d<j  =  -  J  J  pp'dffda''- 


dt 


P 
.x-xf 

P* 
The  double  integrals  are=o  therefore 

dx* 

dt 

or  the  center  of  gravity  of  the  filament 
does  not  change  with  the  time.  In  the 
case  of  only  one  vortex  filament  let  us 
write 

fB,da=.m 

for  particles  as  at  finite  distance  from 
the  filament  we  have 

tfW  dW  _         1      . 

It—    '  ,-    V= —  ,  \\  = 711  log  p 

dy  dx  7t 

for  particles  indefinitely  near  the  fila- 
ment we  see  that  W,  u,  v,  are  infinite  and 
depend  upon  the  cross  section  of  the  fila- 
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nient  and  the  angular  velocity  p.  We 
also  know  that  at  the  center  of  gravity  of 
the  filament  u  and  v—o.  Each  particle  of 
fluid  that  is  at  a  finite  distance  from  the 
filament  we  see  has  a  uniform  velocity  of 

—  and  moves  in  a  circle  whose  center  is 

Ttp 

the  center  of  gravity  of  the  vortex  fila- 
ment. Suppose  we  now  assume  a  number 
of  filaments  whose  cross  section  is  indefi- 
nitely small.     "Write  in  general 

and  let  Xi  yi  denote  the  co-ordinates  of 
the  centers  of  gravity  of  the  filaments  at 
the  time  t  and  pt  their  distances  from 
the  point  (xy).  Then  for  all  points  at 
finite  distances  from  the  filaments  we 
have  as  before 


dy' 


dW 

dx  '■ 


W= 2mi  log  pi 


jSTow  each  filament  inducing  a  certain 
amount  of  motion  in  every  other  particle 
of  the  fluid  induces  motion  in  the  centers 
of  gravity  of  every  other  filament,  there- 
fore the  filaments  change  their  places  in 
the  fluid.  But  here,  as  before,  that  por- 
tion of  u,  v  which  each  vortex  filament 
gives  to  its  own  center  of  gravity  is  =o. 
Suppose  that  the  point  from  which  the 
p8  are  measured  is  one  of  the  centers  of 
gravity,  for  example  x  y.  This  will  ma- 
terially simplify  the  investigation  by  con- 
fining us  exclusively  to  the  influence  of 
the  system  of  vortices  upon  its  different 
members  and  as  this  point  x,  y,  is  an  ar- 
bitrary point  no  generality  is  lost.  We 
lave  thus 

dyx  dx1 

W-=  - 

71 

(m2  log  joia  +  m3log  pia+..  .mtlogpu) 
or  briefly 


W,= 2  mi  log  p-a. 

7t   i=2 

We  can  now  assume  a  function 

Q  such 

that 

Q  =  —   -  2m  m  log  p 

7Z         i      j              ij 

and  then  we  have 

dx,       dQ         dx^       dQ 

1  dt        dy'      2    dt       dy2 

«*y. 


m,  -—■  =  — 


dt 


clQ, 

dx: 


mty>-. 


dt 


dQ, 
dyj 


A  complete  system  of  integrals  cannot  be 
in  general  obtained,  but  by  observing  one 
peculiarity  of  Q  we  can  obtain  two  inte- 
grals— 

P  ij= V(xi  —  xj  y  +  (yt  -  yj  y 

If  we  increase  av,  Xjt  or  y^  y^  by  the  same 
quantity,  ^-will  be  unaltered;  this  gives 
us  then 

dQ,  dQ 

2  1—=o,  2   Y-—0 

dxi  dyi 

or  dyi  dxi 

2,m-j-  =o,  2im  —zr-=o 

from  which 

2nii  Xi  =■  const. 
2m>i  yt  =  const. 

or  the  center  of  gravity  of  the  system  of 
vortex   filaments    is    unaltered.      Again 


<dx^  dyi 

,-r-1  d%n  —  —-dxi 
Kdt     J  dt 


)=• 


we  have 

dQ=o,  .:  Q  =  const. 

the  equation  of  the  lines  of  flow  of  the 
fluid.     Introduce  now  polar  co-ordinates, 

xz  —  p1  cos  S-j     a5a=/>9  cos  $+ 

we  have  by  these  substitutions 
dp,        dQ  dp„        dQ 

m^dF  =  a$>m*p>-dt  =J§„ 


n\Py 


~dt 


dQ 
do' 


m,P, 


d^ 
dt 


dQ 
dp* 


If  now  we  increase  all  the  S's  by  the  same 
quantity,  Q  will  evidently  remain  unal- 
tered and  we  have  the  equation, 


cl$i 


The  first  row  now  gives  by  addition 
^.       dpi 


or 


2m i  pi  2= const. 


Now  let  us  suppose  d  to  remain  un- 
changed but  p  to  become  np,  then  log  p 
becomes  log  ^o  +  log  n,  and  log  p$  be- 
comes log  pij  1  +  log  n,  and  in  conse- 
quence Q  will  be  increased  by 
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+  . . . .  nij  nj  log  w + ] 


or 


log  n  2  mi  m,j 


and  consequently  we  have 
^     dQ 


or 


~2p 


d  log  pi 
dQ  _ 

i  ~7       —    ~ 


z  nii  ms 

71  J 


■2,  irti  m.j 


dp 

But  we  have  also 

dQ  d$i 

_  =  -  mi  pi  — 

Substituting  this  value  gives 

2  mi  pld$i  =  —  Imi  mi 

7t 

Assume  now  the  case  of  only  these 
vortex  filaments  existing  in  the  fluid. 

The  equations  Sirux,  =  const. ;  and 
2miyi  =  const,  become 

/WjPjCosS-j  +  w2p2cosS*2  +  m3p3cos3"3  =  C, 
m1p1sin3i  +  m2p2sin52  +  m3p3sin3a=C2 

Multiply  the  first  equation  by  cos  S;  the 
second  by  sin  5  and  add, 

»»,Pi  +  ™apacos(S-9-S])  +  w3p3cos(S-3-  S) 

=C1cos3-1  +  C2sin3-I 

Again  multiply  the  first  by  sin  S-,  and  the 
second  by  cos  $,  and  add 

wV.sinC^-S,)  +  «is/o,sin(S',— S-J 

=C2cosp2— CjSinS-j 
Again, 

+  mjn0logpM+ ]=  const. 

const. 


and 


m,p,  +  mapa  +  msp 

Through  these  four  equations  we  may 
express  any  four  of  the  quantities  pvp2,p3, 
5,— 5",,  S-.-S-,  interim  of  the  fifth;  for 
example  p, ;  then  the  equations 

m1p,«S'1  =  —  -=?  at 
dp, 

and 

3  fa    3 

2{mip\d%i  =  -  Em^m; 

1  7T     1 

will  enable  us  to  express  3^  and  t  as  func- 
tions of  p,  and  afford  a  complete  solu- 
tion of  the  problem. 


Assume  now  only  two  vortices,  and 
take  the  origin  of  co-ordinates  at  their 
common  center  of  gravity.  This  point 
does  not  move,  and  we  have 

A  _  *?s 

dt   ~  dt 

Q  in  this  case  becomes 

m,ms  log  (Pj  +  p,)  =  const. 

and  also 

2mip2i  =  rmpi  +  niipl = const, 
from  these  two  equations  we  obtain 

p:  =  const.,     p2= const. 
Again  the  equation 

2mip^d^=7C  Zm#nj 

becomes 

dt 


m^'dSr^  +  mji'dSr^—  .  m,m5 


giving 


as, 

~dt 


d$2 

dt 


it    mjJS+mji, 

If  the  direction  of  rotation  of  both 
vortex  filaments  is  the  same  m  ,m^  [which 
depend  on  ^  and  £J  have  the  same  sign. 
But  suppose  971,=  —  m2,  then 

d$,        1        in, 
dt  "  71  p*—p? 
But  we  have   now   for   the   center  of 
gravity 

m.x. — m/x„ 


y=  — i^J 1-^-=cc 

or  the  center  of  gravity  of  the  two  fila- 
ments lies  at  infinity.  Their  velocities  = 
their  angular  velocity  x  by  the  distance 
from  the  center  of  gravity  differ  from 
each  other  by  an  infinitely  small  quantity 
and  can  be  expressed  by 

p,+p3dd, 

2    "  dt 
but  by  our  preceding  equation  giving  the 

value  of  — — '  this  is 
dt 

1       ;», 

~2tt  pa-p, 

the  direction  of  the  motion  is,  of  course. 

perpendicular  to  the  line  giving  the  cen- 
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X, 

y  > 

1 

o, 

fy, 

l 

zka, 

y, 

l 

ters  of  gravity  of  the  two  filaments.  The 
particles  of  fluid  lying  between  the  fila- 
ments move  forwards  in  the  same  direc- 
tion as  do  the  filaments,  the  one-half  way 
between  them  moving  four  times  as  fast. 
Let  us  suppose  that  the  vortex  filaments 
at  the  beginning  of  the  motion  lie  on  the 
axis  of  x  at  equal  distances  from  the 
origin,  then  the  particle  above  referred 
to   will   lie   at  the   origin.      Also   write 

— — —  =athe  absolute  distance  of  each 

z 

filament  from  the  origin.  "We  have  then 
for  the  co-ordinates  of  the  filaments  at 
the  time  t  (a,  y')  and,  by  virtue  of  what 
has  been  said  the  co-ordinates  of  the 
particle  originally  at  the  origin  will  be 
(0,4^).  The  equations  of  the  hues  join- 
ing these  two  points  are 


=     o 


The  intersections  of  these  lines  with  y=o 
are  given  by 

x=±  —  or  x=  ±|-(/>2-pJ 

that  is,  the  lines  joining  the  particle  half 
way  between  the  filaments  with  the  cen- 
ters of  gravity  of  the  same  pass  through 
fixed  points  on  the  line  joining  the  origi- 
nal positions  of  the  centers  of  gravity  of 
the  filaments.  The  points  lie  outside  of 
the  original  positions  of  these  centers  of 
gravity  and  at  an  absolute  distance  from 

them=4(/>  -/>,)=!>  e^Rl- 

The  particles  of  fluid  that  he  in  the 
plane  bisects  at  right  angles  the  line  join- 
ing the  two  vortex  filaments  will  remain 
in  this  plane.  If  this  plane  be  considered 
as  a  fixed  boundary,  we  have  by  con- 
sidering one  of  the  filaments  the  case  of 
a  filament  moving  parallel  to  a  fixed 
plane  which  limits  the  extent  of  the 
fluid. 

Let  us  now  assume  that  the  vortex 
filaments  are  so  arranged  as  to  form  the 
continuous  surface  of  an  elliptic  cylinder 
of  finite  cross  section,  and  further 
assume  8,  as  constant  for  every  point  of 
this  cross  section.  As  the  same  particles 
of  fluid  constantly  remain  in  any  vortex 
filament,  the  bounding  ellipse  of  the 
cross  section  of  the  fluid  will  always  be 
composed    of  the   same  fluid  particles. 


The  equation  of  this  line  will  be  a  func- 
tion of  x,  y  and  t,  and  may  be  written 
for  the  moment  as 

f(x,Y,t)  =  o. 

Then  by  virtue  of  the  above  we  have 
generally 

df  +  dfdx  +  <{f(ly_0 
dt       dx  dt 


or 


dy  dt 


df  ,       df   .      df 
dt  dx 


But, 


dy 


c?W  dW 

u-  v  =  -  -— . 

dy  dx 


Therefore  this  equation  becomes 


df  +dWcJf 
dt 


dV?  df    n 


dy  dx        dx  dy 
Now  the  general  equation  of  our  ellipse 


is 


f=axi  +  2/3xy  +  yy2-l 

when  a,  j3,  y  are  functions  of  t.  Assume 
another  system  of  co-ordinates  coinciding 
with  the  axes  of  the  ellipse  and  also  pass- 
ing through  its  center;  then 

cc'z=£ecos  6  +  y  sin  6 
y'  =  —x  sin  6  +  y  cos  6. 

Call  a  and  b  the  semi-axes  of  the  ellipse 
then  we  have  for  its  equation, 


=1. 


x"      f_ 

Substituting  for  x',  y',  their  values  as 
given   in   terms  of  x   and   y,   and   this 
becomes, 
262cos2S  +  a'sin2S  [(tf  -fl2)cos5sinS] 

X aW +2xy  aW 

352sinsS  +  a2cos2S      1 

+y — cw — =1 

Comparing  this  with 

ax2  +  2/3xy  +  yy1  -- 1 

and  we  obtain, 

a2£2a=62cos2S  +  a2sin23- 
a262tf=(52-a2)cosSsin£ 
a2&2;j/=62sin25  +  «2c.os22 

In  these  a  and  b  are  constant,  but  a,  (3, 
y,  5  are  functions  of  t.  Now  W  satisfies 
the  equation 


dx' 


df 
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for  all  points  in  the  interior  of  the  ellipse, 
and  its  value  is  obtained  by  integration 
of  the  equation 

00 a?_      _f_ 

%    7     r      a*  +  \~b2  +  \ 


2Ctb~ ' o  V(«2  +  A)  (V  +  \) 
The  integral  of  this  is 

<2 


dX 


+  1)-^(^  +  ^} 


w=c 


~ab\2  log  —  , 

2      V       °  a  +  b       I     a+b 

or,  since  we  only  use  the  derivatives  of 
W,  we  may  write  it, 

^^^    £-i<.M> +*«'*) 

for  all  interior  points,  and  for  points  at 

the   boundary.      If    now   we   write   for 

brevity, 

A=b  cos2  3"  +  a  sin2  3" 
B  =  (5— a)  cos  3  sin  3 
r=b  sin2  3  +  a  cos2  3 

we  have 

Let  us  examine  again  the  condition  that 
we  obtained  for  the  bounding  line  of  the 
cross  section  of  the  cylinder,  viz: 

dfdJV 
dy  dx 
we  have 


df      dfdW 

dt       dx  dy 


=  o 


df      da    s      n  d/3  d$  , 


dt       dt 


dt 


dt 


dfdW  ,         ,,wcvn        t-  v    4tf 

E*  =-(-+/5)(^+ry)_ 

Equating  to  zero  the  co-efficients  of  x*  xy, 
and  y1  separately  we  have 

(a  +  b)  ~=±$(cB-/3&), 

(a  +  b)^=2$(ar-yA), 

If  3  cannot  be  determined  as  such  a 
function  of  t  as  to  satisfy  these  equations 
then  will  our  equation  of  condition 

dfcW 
dy  dx 
hold  for  all  points  in  the  cross  section 


Forming  the  derivatives  of  a,  ft:  y  with 
respect  to  t  and  transforming  them  by 
reference  to  the  values  of  A,  B,  T  we 
find  that  the  function  of  t  sought  is  given 
by  the  equation 


df      df  dW 
dt       dx  dy 


=o 


dS 


=  2<§ 


ab 


dt  '  **  (a+b)1 
We  have  thus  the  value  of  the  angular 
velocity  with  which  the  cylinder  rotates 
around  its  axis.  The  rotation  of  the 
cylinder  also  induces  relative  motions 
among  the  component  vortex  filaments. 
These  are  obtained  by  regarding  x'  and 
y'  as  functions  of  t.  We  have  by  differen- 
tiation 

dx'  _     ,d^dy[__   ,   d$> 
~dt  ~~  ^  dt    dt"  dt 

and  the  other  components  of  the  veloci- 
ties in  the  directions  of  x'  and  y'  are 

dW        dW 

dyn        dx' 
Therefore  we  have  by  combining  these 
(W       dW 
dt 


,d$ 
~  ~dy'  +y  dt 


cty  _ 
dt 


dW 


dx' 


dS 
~dt 


Now. 


dW_      2a£    ,         dW_     2$bx' 
dy'~~  a  +  $ ' '        '  dx'~      a  +  b 


and 


Therefore 


dx' 
dt>~~(d+b) 


d$  ab 

dt*        (a  +  b)' 


2Za*      ,  dy'  _    28,V 


y'  dt      (a  +  b)' 


Differentiate  each  of  these  for  t  and  with 
6=28;-   ab 


(a+b)3 

and  we  have  after  integration  of  the 
resulting  well-known  powers 

x'=al  cos  (6t  +  i) 
y'  —  b  I  cos  (dt  +  i) 

when  I  and  i  are  the  constants  of  inte- 
gration and  determine  the  particle  of 
fluid  to  which  x  y'  have  reference.  p> 
1  because  then  for  the  cases  when 
cos  (6t  +  i)=l  we  should  have  se'>  a 
which  cannot  be,  .\  I  is  a  proper  frac- 
tion. 6  of  course  denotes  the  angular 
velocity  of  the  cylinder,  or 
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dt 


=  6 


from  which  d=6t. 
Solving  the  equations 

x'=x  cos  3"  +  y  sin  $ 
y'=  —x  sin  3"  +  y  cos  3 

for  x  and  ?/  gives 

cc=a;'  cos  $  —  y'  sin  3 
2/^a:'  sin  $  +  y'  cos  3 

Substituting  for  x',  y'  and  3  their  values 
these  become 

x=al  cos  (dt  +  i)  cos  6?£ 

—5/ sin  (dt  +  i)  sin  0£ 

?/  =  «/  cos  (dt  +  i)  sin  0*5 

+  Wsin  (dt  +  i)  cos  #£ 

by  expanding  the  quantities  cos  sin 
(dt  +  i)  and  collecting  the  terms  these 
equations  may  be  written 

_  / 

a  +  b 

y=   o 


a  +  b  ,         ._-       .x     a 
-5-  /cos  (2#£  +  t)-| — 


I  sin.  (2dt  +  i)- 


2 
a  —  b 


I  cos  z 


/  sin  i 


by  differentiation  with  respect  to   t  we 
obtain 


dx 
dt 


=  -(a  +  b)dlsm  (Wt  +  i) 


C^-  =  (a  +  b)dl  cos  (20«  +  i) 
from  which 


^WW=^61^1-^ 


and  also, 
/       a  —  b 


A2     /       a— 6  7    .     .\2 
/cost)  +(2/H — n~  «sin«     — 

(ijij'r 

From  these  equations  we  see  that  each 
vortex  filament  moves  in  a  circle  with 
uniform  angular  velocity,  the  time  of  ro- 

71 

tation  being  evidently  -^  ;    and  that   the 

position  of  the  center  and  the  radius  of 
the  circle  varies  for  different  filaments. 
Suppose  one  of  the  semi-axes  a  or  b  to  be 
infinitely  greater  than  the  other;  this 
gives  d=o,  and  consequently  $=o,  or 
the  straight  line  which  has  become  the 
limiting  case  of  the  ellipse  does  not 
rotate.     If   a=b   our  ellipse  becomes  a 

circle,  and  we  have  d=  »;    in    this    case 

there  is  no  change  of  the  relative  posi- 
tions of  the  vortex  filaments,  but  they 
all  rotate  around  the  common  central 
axis  with  angular  velocity  8,. 


THE  TREATMENT  OF  IRON  TO  PREVENT  CORROSION.* 

By  Professor  BARFF,  M.  E. 


From  "Journal  of  the  Society  of  Arts." 


It  is  now  more  than  two  years  ago 
since  I  had  the  honor  of  introducing  to 
your  notice  in  this  room  a  process  for 
the  prevention  of  corrosion  in  iron;  and 
it  was  through  the  Society  of  Arts  that 
it  was  first  made  known  to  the  public. 
My  paper  then  met  with  a  very  nattering 
reception,  both  from  this  Society  and 
from  the  public  press.  An  article  ap- 
peared in  the  Times,  which,  written  with 
great  ability,  gave  to  it  a  claim  to  public 
consideration,  and  with  one  or  two 
trifling  exceptions,  it  was  well  spoken  of 
in  all  directions.  The  exceptions  to  the 
general  desire  manifested  to  receive  well 
a    process    which,    if    practicable,    was 

*  A  Lecture  before  the  Society  of  Arts. 


highly  desirable,  as  being  likely  to  in- 
crease largely  the  use  of  iron,  and  to 
enable  it  to  replace,  for  certain  uses, 
other  metals  which  were  injurious  to 
health,  were  not  founded  on  reasons  of 
sufficient  force  to  cause  me  to  notice  and 
answer  them;  and  some  of  them,  which 
could  only  result  from  the  inner  con- 
sciousness of  those  who  made  them, 
without  an  atom  of  proof,  have  been 
fully  answered  by  the  work  which  has 
been  subsequently  carried  out  on  a 
larger  scale  at  my  laboratory  at  Ken- 
sington. I  was  blamed  by  some  for 
bringing  out  my  invention  too  soon ;  but 
I  thrnk  that  you  will  see  that,  by  follow- 
ing the  course  I  did,  I  was  enabled  to 
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give  specimens  to  those  who  have  very 
thoroughly   tested  for  a  long  time  the 
goodness    of    the    process;    so    that   I, 
to-night,  stand  before  you  armed  with  a 
large   amount   of   experience,    and   with 
testimony  from  others   on  whose  word 
and  judgment  reliance  can  be  placed.    In 
answer  to   some   remarks   made  by  the 
Chairman  on  the  night  when  I  read  my 
first  paper,  Admiral  Selwyn  stated  that 
the  black  oxide  of  iron  had  stood  the 
action   of   sea  water  for   ages,    and  he 
therefore  advised  us  to  look  to  nature 
for  a  proof  of  its  enduring  properties,  on 
the  shores  of  New  Zealand,  where  quan- 
tities of  it  had  existed  unchanged  since 
the  creation  of  the  world.     No  one,  who 
has  a  right  knowledge  of  its  properties, 
could  doubt  its  power  to  resist  atmos- 
pheric influences,   and  even   the    action 
of   sea  water;  but  the   doubt  that   did 
exist  in  the  minds  of  many  was  whether 
it  could  be  produced  artificially  on  iron, 
so  as  to  keep  its  place,  and  enable  the 
iron  beneath  it  to  resist  their  action  as 
well;  or,  rather,  I  should  say,  whether 
its  adherence  to  the  iron  was  so  complete 
and  perfect  as  to  protect  it  from  them. 
Pieces  of  iron  will  be  shown  you  which 
were  exhibited  on  that  occasion — which 
have  been  exposed  ever  since,  and  you 
will    be    able   to   judge    for    yourselves 
whether  the  protection   afforded  by  the 
black  oxide  is  complete   and  perfect,  or 
not.    I  feel  that  I  ought,  before  proceed- 
ing further,  to  notice  briefly  one  or  two 
of  the  exceptions  to  which  I  have  alluded 
in  the  reception  which  my  first  paper  met 
with.     One  was  that  the  process  was  not 
original ;  that  I  had  no  right  to  claim  as 
my  discovery  what  had  been  known  to 
chemists  for  years.     I  will  quote  from 
my  paper,  and  then  you  will  see  whether 
I  deserve  this  charge  or  not.     "In  every 
school  where  chemistry  is  taught,  in  the 
most  elementary  lecture  on  hydrogen,  the 
pupils  are  told  that,  if  they  pass  steam 
over  red-hot  iron  filings,  contained  in  an 
iron  tube,  they  will  be  able  to  collect -and 
burn  the  hydrogen  gas  at  the  opposite 
end   of   the   tube    to    where   the   steam 
enters.     For  a  long  time  it  was  thought 
that  the  particles  of  black  oxide  formed 
by  this  decomposition  of  the  steam  were 
pulverulent,  and  could  not  be  made  to 
cohere  into  a  solid  mass."    It  is  manifest 
that  I  could  not  claim  as  my  invention 
what    I     stated    was     already     known. 


Another  exception  was  that  the  process 
might  be  of  use  for  small  articles — pot-. 
pans,  &c, — but  that  it  could  not  be 
applied  to  large  articles,  and,  even  if  it 
could,  it  would  so  materially  weaken  the 
iron  that  dependence  could  not  be  placed 
on  its  strength;  in  fact,  if  I  remember 
rightly,  a  solemn  warning  was  given  to 
persons  not  to  trust  to  it.  Now,  that 
the  process  is  only  applicable  to  pots 
and  pans,  &c,  the  articles  before  you 
will  disprove.  At  the  beginning  of  my 
experiments — I  did  not  wish  to  incur  a 
great  outlay,  and,  therefore,  the  cham- 
bers, or  muffles  used  were  not  large.  A 
year  and  a  half  ago,  I  had  a  chamber 
built  of  fire  brick,  and  that  has  been  in 
use  ever  since.  In  it  articles  six  feet 
long  have  been  treated;  and  if  the  cham- 
ber were  12  feet  long,  or  20,  articles  of 
such  lengths  could  be  treated  as  well  as 
those  which  you  see  before  you.  As  to 
the  action  on  the  strength  of  the  iron, 
bars  treated  have  been  tested  for  break- 
ing and  tensile  strain,  and  the  result  is 
that  the  strength  of  the  iron  is  not 
affected,  and  the  persons  who  tested 
them  assert  that  they  would  not  hesitate 
to  use  the  process  because  of  any  injuri- 
ous effect  which  it  has  on  the  strength  of 
iron.  I  need  not  do  more  this  evening 
than  briefly  remind  you  that  my  process 
consists  in  oxidizing  the  surface  of  iron 
by  means  of  superheated  steam.  In  my 
former  paper  a  description  of  the  rusting 
of  iron  will  be  found;  it  is  enough  for 
my  present  purpose  to  state  that  the 
black  oxide  of  iron  is  unaltered  by  any 
of  the  ordinary  influences  which  produce 
red  rust,  and  which  therefore  cause  the 
destruction  of  iron. 

The  points  which  I  have  to  bring  be- 
fore your  notice  this  evening  are  those 
which  two  years'  experience  has  enabled 
me  to  discover  in  the  method  of  working 
the  process ;  and  these  are  very  import- 
ant, because  formerly  there  was  a  want 
of  certainty  in  performing  it  which  gave 
very  unequal  results.  During  the  last 
eighteen  months  I  have  been  able  to  give 
constant  attention  to  it,  which  I  was  not 
able,  from  my  engagements,  to  do  before, 
and  now  I  can  assert  that  it  can  be  con- 
ducted with  ease  and  with  perfect  cer- 
tainty. In  the  specification  of  my  patent. 
the  method  of  performing  the  neeessary 
operations  is  given,  but  considerable 
practical  experience  is  required,  which  it 
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is  impossible  to  describe  in  writing.  In 
the  earlier  experiments  performed  at  my 
laboratory  at  Kilburn,  it  was  often  found 
that  the  coating  of  black  oxide  scaled  off 
wronght-iron  articles.  This  is  never  the 
case  now. 

This  scaling  resulted  from  an  insuffi- 
cient and  irregular  supply  of  steam  to 
the  muffle  during  the  operation,  where- 
by air  was  not  excluded,  but  was  often 
forced  in  from  the  want  of  a  sufficient 
pressure  of  water  on  the  superheating 
pipes.  Air  must  be  completely  excluded 
from  the  oxidizing  chamber,  because,  if 
the  oxidation  of  the  iron  depend,  during 
any  part  of  the  process,  on  the  oxygen  in 
the  air,  such  oxide  formed  will  not  ad- 
here to  the  iron  properly.  This  I  have 
proved  by  submitting  iron  to  oxidation  by 
dry  air,  and  in  every  case  wrought-iron  has, 
when  so  treated,  lost  its  coating,  which 
has  naked  off  in  scales;  and  in  the  case 
of  cast-iron,  the  oxide  on  exposure  comes 
off  in  a  very  short  time,  and  therefore 
does  not  provide  perfect  protection  to 
the  iron.  If,  however,  the  air  forced 
into  the  chamber  be  moist,  the  same  re- 
sult occurs  with  wrought-iron,  but  with 
cast-iron  the  coating  formed  does  adhere 
for  a  time,  and  the  length  of  its  adher- 
ence is  proportionate  to  the  quantity  of 
moisture  present  in  the  air.  If  the  air 
be  forced  into  the  ordinary  chamber  from 
a  vessel  in  which  it  is  in  contact  with 
water,  and  if  the  temperature  of  the 
room  in  which  this  vessel  is  be  high,  as 
in  such  a  case  it  must  be,  the  quantity  of 
moisture  converted  into  steam,  when  at 
the  temperature  of  the  iron  to  be  oxi- 
dized, will  be  great,  in  fact,  enough  to 
oxidize  the  iron,  for  very  little  steam  is 
required  to  oxidize  a  great  weight  of 
iron ;  but  then  the  oxygen  of  the  air  will 
take  part  in  the  action,  and  wherever  the 
iron  is  oxidized  by  the  oxygen  of  the  air 
its  adherence  will  not  be  complete,  and 
though  by  being  mingled  with  the  other 
oxide  it  may  have  a  certain  amount  of 
stability,  yet  in  a  short  time  it  will  come 
off.  I  exhibit  two  specimens  in  illustra- 
tion of  this,  one  of  cast  the  other  of 
wrought  iron,  both  of  which  have  been 
exposed  in  the  open  for  some  time;  the 
piece  of  cast  iron  did  not  rust  for  some 
time  after  it  was  exposed,  but  the  wrought 
iron  flaked  and  rusted  at  once.  It  ap- 
pears, therefore,  to  be  absolutely  neces- 
sary  to  secure  a   good  result,  that   air 


must   be  completely   excluded  from  the 
oxidizing  chamber. 

For  a  long  time  I  experienced  consid- 
erable trouble  from  the  appearance  of 
small  spots  of  rust  on  articles  otherwise 
well  coated,  which  were  immersed  in 
water.  The  spots  of  rust  appeared  to 
increase  in  size,  but  on  examination  it 
was  found  after  washing  off  the  rust, 
which  could  be  easily  removed,  that  it 
originated  from  small  openings  in  the 
coating  of  black  oxide.  It  required  a 
magnifying  glass  to  see  these  openings; 
the  rust  did  not  spread  by  more  of  the 
iron  surface  rusting,  but  because  the  rust 
formed  in  these  minute  cracks  was  car- 
ried out  by  the  water  in  which  the  arti- 
cles were,  and  was  therefore  diffused 
about.  Such  rusting  has  no  effect  on 
the  strength  of  the  iron,  and  after  a  few 
cleanings  it  ceases  altogether.  However, 
I  felt  that  it  was  very  necessary  to  pre- 
vent it,  and  that  led  me  to  seek  carefully 
for  its  cause.  "When  iron  is  heated  it 
expands,  when  cooled  it  contracts.  If 
iron  be  heated  in  an  oxidizing  chamber  it 
expands,  its  pores,  so  to  speak,  open.  If 
a  jet  of  superheated  steam  be  admitted 
at  a  temperature  lower  than  that  of  the 
iron  in  the  chamber,  the  iron  will  con- 
tract, and  then  will  decompose  the  steam- 
of  course  it  must  be  at  a  sufficiently  high 
temperature  to  do  so.  Now,  the  iron 
will  gradually  get  hotter,  and  will  expand 
again,  and  the  first  thin  coating  of  black 
oxide  will  be  in  part  cracked,  and  as  the 
oxide  goes  on  forming  it  will  in  part 
cover  and  fill  up  these  cracks,  but  I  think 
— in  fact  I  am  sure — that  it  does  not  do 
so  perfectly,  and  hence  some  of  them  re- 
main, the  iron  at  the  bottom  of  them 
being  coated  with  but  a  very  thin  film  of 
oxide.  Reasoning  in  this  way,  I  came  to 
the  conclusion  that  no  contraction  must 
be  allowed  to  take  place  in  the  iron  after 
the  oxidizing  action  had  commenced,  and 
to  secure  this,  the  ordinary  chamber  is 
always  kept  at  a  much  lower  temperature 
than  the  superheater ;  and  now  it  is  never 
allowed  to  rise  above  five  or  six  hundred 
deg.  Fahr.  before  the  superheated  steam 
is  admitted,  and  the  steam  is  never  al- 
lowed to  pass  in  at  a  temperature  less 
than  one  thousand  degrees.  This  for  a 
long  time  has  been  our  invariable  plan  of 
work,  and  in  no  case  whatever  have  we 
experienced  any  failure  as  long  as  the 
apparatus  was  sound.     Many  have  tried 
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experiments,  indejDendently  of  me,  but  in 
all  cases  I  have  heard  complaints  that 
they  have  not  succeeded,  and  I  feel  sure 
that  the  want  of  success  has  been  due  to 
one  of  the  causes  I  have  mentioned,  or 
to  another  which  I  described  in  my 
former  paper,  viz.,  the  presence  of  moist 
steam. 

When   asked  by  my  lamented  friend, 
your  late  able  Secretary,  to  read  another 
paper   on   my  iron  process,  I    willingly 
consented  to   do    so,    because   it   would 
give  me  the  best  method  of  making  pub- 
lic and  explaining  the  difficulties  I  had 
met  with  and  overcome,  but  which  were 
still  troubling  others  who  take  a  real  in- 
terest  in   the    process.     It   has    always 
been   my  opinion  that  the  best  way  of 
forming  the  black  oxide  on  iron   is   to 
conduct  the  process  by  means  of  super- 
heated steam  alone,  because  the  steam, 
being   the   source  of   heat   to   the  iron, 
raises  its  temperature  to  that  at  which  it 
can  decompose  steam,  so  that  oxidation 
commences  immediately  the  iron  is  hot 
enough.     When  the  iron  is  heated  in  the 
chamber,  before  the  steam  is  allowed  to 
act  upon  it,  there  is  always  danger  of  air 
getting  into  the  chamber  and  forming  a 
film  of  oxide  before  the  steam  gets   to 
work,  and  this  is  a  thing  to  be  avoided. 
I  have  only  been  able  to  experiment  with 
superheated  steam  alone  on  a  small  scale, 
and  the  large  chamber  has  flues  up  its 
sides  which  would  conduct  off  the  heat 
if  it  were  attempted  to  raise  its  tempera- 
ture by  superheated  steam  alone.    I  may 
be   here   misunderstood.      The  flues   at 
the   sides  of  the   chamber  would  cause 
cold  air  to  circulate   round  it,  and  the 
heat  from  the  superheated  steam  would 
thus    be   conveyed    away.     The   experi- 
ment I  did  perform   was   with  an  iron 
muffle,  similar  to  that  which  was  used  in 
the  early  experiments.      This   was   sur- 
rounded with  fire-clay,  to  act  as  a  non- 
conductor of  heat.     Steam  at  1,500  deg. 
Fahr.,  was  injected  into  it  for  a  short 
time,  and  then  the  articles  to  be  treated 
were  put  inside  it,  and  the  steam  was 
again  let  in.     In  a  short  time  the  muffle 
and  its  contents   became  red  hot,  and, 
after  a  few  hours,  were  found  to  be  well 
coated  with  black   oxide.     I  could  not 
work  this  process  on  a  larger  scale,  for  I 
have  already,  through  the  assistance  of 
a  friend,  expended  a  large  sum  of  money 
in  experiments,  which  have  resulted  in 
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my  being  able  to  state  that  my  process 
is  now  commercially  perfect,  and  is  wait- 
ing  the  enterprise  of   gentlemen  in  the 
iron  trade  to  take  it  up  and  use  it.  When 
I   last   had   the   pleasure  of  addressing 
you  I  spoke  with  diffidence,  and  I  could 
not  give  definite  answers  to  those  who 
cpiestioned  me ;   now  I  can  speak  with 
confidence,  and  though  I  cannot  perhaps 
reply  to  all  questions  to  your  entire  sat- 
isfaction, yet  I  can  assert  that  there  is 
no  reason  why  this  process  should  not 
be  largely  adopted.     Adopted  it  will  be, 
for  it  is  a  success,  and  has  been  proved 
to  be  so  by  the  testimony  which  I  have 
the  pleasure  of  submitting  to  you.     But, 
before  submitting  these  testimonials,  al- 
low me  to  say  a  few  words  about  the 
properties  which  this  artificially-formed 
black  oxide  possesses,  as  to  which  I  could 
not  testify  in  my  first  paper.     It  gives 
great   hardness  to  the  surface   of   iron, 
when   the   coating  is  sufficiently   thick ; 
by  this  I  mean  when  it  is  even  less  than 
one-sixteenth  of   an  inch.     An  ordinary 
flat  rasp  will  not  remove  it  without  great 
labor;    it   resists   emery   powder,    as    I 
stated  in  my  first  paper ;  but  now  I  have 
proved  that  it  will  for  a  long  time  resist 
a  rasp,  and  will  remove  pieces  of  steel 
from  it.      This   has  been  witnessed  by 
many,  among  these  by  M.  St.  Yves,  En- 
gineer in  Chief  of  the  Pouts  et  Chausees, 
Paris,  who  was  sent  over  to  report  on 
the   process,   and  •  Professor  Frankland. 
Substances  which  adhere   to   iron,   zinc 
and  enamel  will  not  adhere  to  it.    Sauce- 
pans in  which  arrowroot  and  other  sticky 
substances  are  cooked   can  be   cleaned 
with  the  greatest  ease,  after  they  have 
been  oxidized,  a  simple  wipe  removing 
all  dirt.     I  exhibit  a  saucepan  which  has 
been  in  use  at  my  house  for  two  years, 
and  a  wrought  iron  stew-pan  which  has 
done  about  six  months'  service.    I  have  a 
whole  set  of  stew-pans  at  home,  and  my 
cook  prefers  them  much  to  any  others. 
Dr.   Mills,   of    Glasgow,   testifies  to  the 
same   property.     You  see  before  you  a 
urinal  which  was  in  constant  use  at  my 
laboratory  for  months,  and  was  then  sent 
to  be  used  here  two  months  ago.     There 
are   no   deposits   on    it.      I   had  water 
evaporated  in   an   oxidized   pan  for  six 
weeks — common  tap   water:    the   water 
never  boiled,  but  was  slowly  evaporated. 
The  deposit  found  was  removed  with  a 
duster;  it  did  not  stick  to  the  iron.    This 
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is  a  matter  of  great  importance  to  boil- 
ers, and  for  pipes  through,  which  water 
is  to  be  conveyed. 

Now,  articles  coated  can  be  submitted 
to  a  high  temperature,  even  a  red  heat, 
without  the  coating  being  injured  or  dis- 
turbed. 

I  have  written  to  most  of  the  gentle- 
men to  whom  specimens  were  sent  two 
years  ago,  after  my  first  paper,  and  most 
of  them  have  kindly  replied.  Their 
letters  I  have  published,  even  those 
which  show  that  at  present  my  process 
does  not  meet  their  requirements. 
"Where  it  has  not  answered,  I  have 
added  in  a  note  my  own  remarks  for 
what  they  are  worth.  At  present  I  fear 
that  iron  wire  cannot  be  treated  success- 
fully— the  wire  can  be  treated  and  will 
not  rust,  but  it  cannot  be  bent  to  a  sharp 
curve  without  the  coating  coming  off.  I 
show  a  specimen  to  prove  that  the  wire, 
when  not  bent,  does  not  rust,  and  that 
articles  made  of  wire  can  be  made  non- 
rustable  provided  they  be  not  stretched 
beyond  a  certain  point.  Riveted  iron 
plates  can  be  most  successfully  treated; 
the  process  tightens  the  rivets  and 
assists  the  caulking;  the  plates  before 
you  show  this.  I  have  not  solved  the 
question  of  riveting  plates  after  treat- 
ment, but  I  am  sanguine  that  I  shall  be 
able  to  do  so.  Weights  are  treated  for 
the  Government,  and  submitted  by  Mr. 
Chaney  to  tests,  and  the  process  is  now 
recommended  by  that  Department  for 
the  standard  weights  throughout  the 
country.  I  also  exhibit  two  specimens, 
one  of  oxidized,  and  the  other  of  com- 
mon iron,  on  which  gold  leaf  has  been 
put  in  the  ordinary  way,  with  oil  gold 
size,  and  I  think  they  illustrate  well  that 
even  where  it  is  desired  to  paint  or  gild 
iron  to  be  placed  in  exposed  situations, 
it  is  very  desirable  to  have  it  first  treated 
by  my  process ;  both  the  specimens  have 
been  out  of  doors  for  two  months,  ex- 
posed to  rain  and  snow;  for  some  days 
they  were  completely  buried  in  snow. 

I  regret  to  say,  gentlemen,  that  I  can- 
not speak  very  definitely  as  to  the  cost 
of  the  process.  I  do  not  wish  to  delude 
any  one  by  a  statement  that  it  can  be 
done  for  so  much  per  ton.  It  is  simply 
impossible  to  do  this,  as  you  will  see. 
Hollow  goods — such  as  saucepans,  &c. — 
will  take  up  a  much  larger  space  per  ton 
than    a  ton    of     56    lbs.    weight,    and 


this  shows  how  fallacious  any  general 
statement  on  this  head  must  be. 
My  experiments  have  not  been  con- 
ducted with  special  regard  to  econ- 
omy, but  to  efficiency,  and,  having 
settled  this  point,  economy  must  now  be 
inquired  into.  This  is  rather  the  work 
of  the  manufacturer  than  mine;  but  this 
much  I  can  say  for  your  guidance,  that, 
even  with  my  means,  the  cost  for  light 
articles  does  not  exceed  that  of  galvan- 
ising. But  I  do  think  that,  if  the  treat- 
ment gives  a  permanent  protection  to 
the  iron,  that  articles  treated  by  it 
should  command  a  higher  price  than 
those  which  have  been  treated  by  a  less 
enduring  process.  My  experience  tells 
me  that  different  kinds  of  cast  iron 
behave  differently  under  treatment. 
Some  kinds  require  longer  exposure  to 
the  action  of  the  superheated  steam  than 
others.  Why  this  is  I  cannot  as  yet  find 
out.  Of  this  class  is  the  iron  in  which 
the  carbon  is  in  more  perfect  chemical 
combination  as  a  carbide.  This  iron  is 
whiter  than  the  other  kinds.  There  are 
before  you  specimens  which  have  resisted 
the  rusting  action  of  air  in  the  presence 
of  water.  The  two  statues  exhibited 
and  other  articles  are  of  a  different  kind 
of  iron;  they  required  a  shorter  expo- 
sure, and  have  stood  equally  well.  I 
have  not  yet  met  with  any  sample  of  cast 
iron  which  could  not  be  properly  treated. 
Wrought  iron  reqires  a  somewhat  differ- 
ent treatment;  a  lower  temperature, 
about  900  deg.  Fahr.,  suits  it  best,  and 
steel  also.  It  is  not  well  to  expose 
articles  very  different  in  bulk  at  the 
same  time;  all  that  are  put  into  the  muffle 
should  be  pretty  nearly  equal  in  bulk. 
I  mean  that  very  heavy  articles,  such  as 
56  lbs.  weight,  should  not  be  treated  with 
these  gutter  spouts.  Cast  and  wrought 
iron  should  not  be  treated  together ;  but 
all  these  are  matters  which  a  little  expe- 
rience will  regulate  perfectly.  Sometimes 
the  sand  from  the  mould  adheres  to  cast 
iron ; .  this  is  often  the  case  inside  pipes ;  it 
is  of  no  moment,  for  the  sand  itself  gets 
so  firmly  fixed  on  the  coating  of  black 
oxide,  that  it  assists  in  protecting  the 
iron.  I  have  proved  this  by  severe  exper- 
iments. In  dealing  off  the  rust  from 
iron  before  it  is  submitted  to  the  action 
of  superheated  steam,  the  usual  method 
is  employed,  it  is  immersed  in  dilute  oil 
of  vitriol,  and  after  washing  is  put  into 
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some  bran  water;  this  last  operation  is 
to  remove  any  basic  sulphate  of  iron 
from  the  surface.  If  this  basic  sulphate 
is  not  completely  taken  away  when  the 
iron  is  heated,  it  is  reduced,  and  red 
oxide  of  iron  is  left  on  the  surface,  which 
has  the  color  of  the  red  oxide  used  for 
paints,  and  you  will  see  some  articles  so 
colored  before  you;  this  red  oxide  does 
not  prevent  the  formation  of  the  black 
oxide  beneath  it,  and  does  not  interfere 
with  its  stability,  it  is  therefore  of  no 
importance,  except  to  the  appearance  of 
the  articles. 


REPORTS  OF  ENGINEERING  SOCIETIES. 

The  American  Society  op  Ciyix,  Engi- 
neers.— At  a  regular  meeting  of  the 
Society  held  on  the  2d  of  April,  Major-Gen.  J. 
G.  Barnard  read  a  paper  by  the  late  Gen.  B.  S. 
S.  Alexander,  descriptive  of  the  construction 
of  the  Minots  Ledge  Light-House,  off  Cohasset, 
ten  miles  south  of  entrance  to  Boston  harbor. 
After  mentioning  several  of  the  most  noted 
and  dangerous  rocks  throughout  the  world, 
upon  which  light-houses  have  been  built,  the 
paper  relates  in  a  most  interesting  way  the 
first  visit  of  the  author  to  the  Minots  Ledge, 
the  delays  encountered  before  a  reconnoisance 
upon  the  rock  could  be  effected,  the  plan  of 
operations  devised  while  waiting  ;  then  the  date 
of  commencement,  on  April  1,  1858  ;  what  was 
done  in  preparing  the  foundation,  cutting  the 
stones,  and  laying  and  securing  them;  the  num- 
ber of  hours  worked  per  annum,  ranging  from 
180  to  877  in  the  seven  successive  years  that 
were  spent  in  the  construction  of  the  light- 
house; the  rules  adopted  for  doing  the  most 
work  in  the  time,  and  at  the  least  risk  of  drown- 
ing, and  the  cost  $300,000.  It  was  completed 
June  29,  1860,  and  the  first  light  was  shown  on 
Nov.  15  of  "the  same  year.  The  paper  was  ex- 
ceedingly interesting  throughout,  and  was  fully 
illustrated  by  diagrams,  showing  the  excavation 
of  the  foundation,  and  the  plan  of  laying  the 
stones  and  securing  them  against  failure. 

Gen.  Barnard  made  some  remarks  upon  the 
settlement  of  Pier  No.  2  of  the  South  Street 
bridge,  Philadelphia,  a  paper  upon  which,  by 
D.  Mc.N.  Stauffer,  C.E.,  Philadelphia,  was 
read  before  the  Society,  Sept.  4,  1878,  and  pub- 
lished in  the  transactions  of  the  same  month. 
General  Barnard  illustrated  his  remarks  by  ref- 
erence to  his  own  experience  with  the  founda- 
tions of  Fort  Livingston  at  the  mouth  of  the 
Baratarria  River  (or  bayou)  La. ,  and  the  settle- 
ment of  the  Fort,  which,  when  examined  a  few 
years  ago  by  a  commission  of  officers,  showed 
a  sinking  of  nearly  four  feet.  Fort  Bienvenu, 
built  in  one  of  the  worst  marshes  in  the  vicinity 
of  New  Orleans,  has  sunk  three  or  feet  feet. 
Fort  Jackson,  on  the  Mississippi  River,  below 
New  Orleans,  had  settled  perhaps  one  foot  by 
the  year  1840.  It  was  a  very  heavy  work  ;  the 
parapet  and  coping  were  not  laid,  and,  being 
abandoned  for  many  years  previous  to  the  late 


war  in  the  South,  bushes  and  tall  weeds  grew 
up  and  hid  it,  which  the  raising  of  the  levee 
further  aided,  so  that  river  pilots  used  to  say 
that  the  old  fort  was  sinking  out  of  sight.  The 
sinking  of  the  pier  of  the  South  street  bridge, 
General  Barnard  considered,  was  occasioned  by 
the  escape  laterally  of  the  soft  mud  in  the 
pocket  which  existed  under  one  corner  of  the 
foundation  ;  that  the  settlement  commenced 
from  the  date  of  loading  the  foundation,  and 
that  the  lesson  to  be  drawn  was  to  make  more 
numerous  borings,  and  prevent  lateral  escape 
of  the  mud  before  laying  a  heavy  and  costly 
foundation. 

Mr.  Dresser  remarked  :  "In  the  case  of  the 
construction  of  a  large  hospital  in  New  York,  it 
was  supposed  that  there  was  solid  rock  founda- 
tion to  build  on.  Excavations  developed  the 
fact  that  under  a  portion  of  the  building  a 
pocket  filled  with  mud  or  clay  existed,  into 
which  the  rock  sloped  suddenly.  The  question 
was  to  so  join  the  foundations  upon  the  solid 
and  the  compressible  bottom  that  the  settle- 
ment in  the  latter  case  would  not  crack  the 
superstructure  where  compression  ceased  and 
solid  rock  commenced.  This  was  done  by  ex- 
cavating a  trench  in  the  rock  and  filling  it  to 
the  depth  of  four  or  five  feet  with  the  material 
taken  from  the  'pocket.'  The  structure  was 
completed  upon  this,  and  no  crack  shows  itself 
up  to  the  present  time." 

Mr.  Collingwood  gave  an  account  of  the  re- 
moval of  pockets  of  material  under  the  caissons 
of  the  East  River  Bridge,  and  also  of  the 
foundations  of  piers  etc.,  in  the  approaches  in 
the  "Swamp,"  as  follows  :  In  preparing  the 
bed  for  the  New  York  caisson,  much  the  same 
thing  was  done  as  was  mentioned  by  the  last 
speaker  (Mr  Dresser).  The  bed-rock  was  quite 
uneven,  and  it  was  struck  at  several  points  at 
about  two  feet  above  the  level  finally  fixed 
upon  as  the  stopping  place  of  the  edge  of  the 
caisson.  Over  all  other  parts  the  sand  and 
gravel  varied  in  depth  from  one  to  sixteen  feet, 
as  found  by  borings.  The  high  points  in  the 
rock  were  cut  away,  so  as  to  leave  a  space  of  at 
least  a  foot  eveiywhere  between  the  caisson 
and  the  rock,  and  loose  sand  was  thrown  into 
the  space.  At  other  points  there  was  found  in 
pockets  some  fine  sand,  which  we  were  fearful 
might  move.  The  sand  was  taken  out  from  a 
trench  along  the  edge  of  the  caisson,  and  this 
was  filled  with  concrete,  so  as  to  cut  it  off  and 
prevent  possibility  of  movement.  No  great 
settlement  was  expected,  but  these  precautions 
were  taken  so  as  to  insure  uniformity  in  settle- 
ment, and,  as  far  as  we  could  judge,  they  were 
entirely  successful. 

In  founding  the  New  York  approach  across 
the  "swamp"  (so  called),  considerable  diffi- 
culty was  anticipated,  and  we  were  assured  by 
persons  acquainted  with  the  locality  that  piling 
would  be  necessary.  Careful  preliminary 
borings  showed  that  a  sound,  clean,  sandy  bot- 
tom could  be  everywhere  reached,  with  a 
maximum  depth  of  eleven  feet  below  the  level 
of  mean  high  tide.  I  decided,  therefore,  to 
make  an  open  cut,  and  remove  all  compressible 
material. 

Fortunately,  there  was  a  thin  bed  of  clay 
over  the  sand,  and  by  removing  this  over  a 
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portion  of  the  bed  only  at  a  time,  and  then  con- 
creting it,  we  had  no  great  difficulty  in  keeping 
the  water  down. 

In  the  last  pit  the  water  broke  in  with  con- 
siderable force  at  one  spot,  but  bjr  putting  in 
an  interior  line  of  sheeting,  and  leaving  an  open 
way  for  the  water  to  the  pumps,  we  were  able 
to  build  up  the  other  parts  of  the  masonry  for 
a  few  feet,  and  then  by  pumping  rapidly  and 
inclosing  cement  in  bagging,  to  get  the  founda- 
tion in  over  the  small  uncovered  portion.  No 
settlement  has  since  occurred. 

PROCEEDINGS  OF  THE  ENGINEERS'  CLUB  OF 
Phtladedphia. — March  loth,  1879. — Mr. 
C.  E.  Buzby  exhibited  a  model  of  Travers' 
Iron  Railway  Tie.  It  is  in  use  on  the  Phila- 
delphia &  Baltimore  Central  Railroad,  near 
Lamokin.  The  device  dispenses  with  all 
spikes,  bolts,  nuts  or  fish  plates,  and  drilling 
or  punching  the  rails,  avoiding  fractures  from 
such  causes. 

The  iron  tie,  it  is  claimed,  will  outlast  twelve 
renewals  of  the  ordinary  tie  at  one-half  the  cost 
to  keep  in  repair. 

Each  tie  is  recessed  under  its  rails,  and  along 
the  bottom  of  the  recesses  wedge-shaped  pieces 
are  cast  transversely.  At  the  sides  of  each 
recess  are  creosoted  blocks,  which  form  a  cush- 
ion, and  a  fulcrum  for  two  clamps,  which 
grasp  the  flange  and  web  of  the  rail  above, 
bearing  upon  opposite  faces  of  the  wedge  below. 
The  weight  of  the  train  forces  the  clamps 
upon  the  wedge,  spreads  them  at  the  bottom, 
and  grips  the  rail.  The  first  cost  is  somewhat 
greater  than  the  wooden  tie,  but  is  said  to  off- 
set this  in  durability. 

Percival  Roberts,  Junior,  announced  the 
death  of  the  Vice-President  of  the  club,  Mr. 
J.  B.  Knight,  and  offered  resolutions  of  respect, 
which  were  adopted. 

O.  B.  Colton  submitted  a  plan  of  the  con- 
templated Waier  Works  at  the  Middle  Peni- 
tentiary at  Huntingdon.  Mr.  W.  A.  Cooper 
read  an  interesting  article  on  Richardson's 
method  of  sharpening  and  re-cutting  files  by 
the  sand  blast  process  as  used  by  Trump 
Brothers,  of  Wilmington,  Delaware.  This 
process,  it  is  claimed,  will  renew  completely 
worn-out  files  and  rasps  at  a  nominal  cost, 
without  the  necessity  of  softening  and  re-hard- 
ening, thereby  retaining  the  original  temper. 
Samples  of  the  work  done  by  this  process  were 
exhibited. 

At  a  recent  meeting  of  the  Engineers'  Club 
of  Philadelphia,  at  their  rooms,  No.  10  North 
Merrick  Street,  Mr.  Charles  A.  Young  read  a 
paper  on  the  Intra-Conglomorate  Coals  shown 
on  the  New  River,  West  Virginia,  describing 
the  general  geological  and  topographical  fea- 
tures of  the  district,  and  presenting  sections, 
analysis  of  the  coal,  and  a  table  showing  its 
calorific  value  were  included  in  the  paper.  In 
tee  discussion  of  this  paper,  Mr.  Hardin  gave 
an  account  of  the  operations  at  Sewell  Station, 
Chesapeake  and  Ohio  Railroad,  by  Messrs. 
Firmstone  and  Pardee,  descriptive  of  the 
means  used  to  carry  the  coal  from  the  mouth 
of  the  mine  to  railroad  grade.  Mr.  Charles  A. 
Ashburner,  through  the  kindness  of  Messrs.  P. 
&  T.  Collins,  contractors  of  the  Madeira  and 


Marmore  Railway,  Brazil,  presented  to  the 
club  an  abstract  of  the  report  of  progress 
made  by  C.  O.  DTnvillieis,  Chief  Engineer, 
together  with  tracings  of  the  maps  and  profiles 
of  the  preliminary  and  located  lines  : 

"  San  Antonio,  October  10th,  1878. 
"Messrs.  T.  and  P.  Collins: 

"■Gentlemen: — According  to  your  request, 
that  I  should,  as  soon  as  possible,  submit  a 
record  of  our  work  and  a  report  of  the  country 
we  have  surveyed,  I  have  had  plans  made  of 
all  our  surveys  up  to  date,  which  comprise  the 
country  between  San  Antonio  and  Calderao  do 
Infierno,  which  I  respectfully  submit  in  con- 
nection with  this  report. 

"  Our  examinations  during  the  first  two  or 
three  months,  confined  principally  to  the  terri- 
tory between  here  and  Macacos,  a  distance  of 
five  miles  by  river,  developed  a  country  much 
broken  by  deep  ravines,  at  the  heads  of 
which  we  found  a  plateau  or  ridge  dividing 
the  waters  of  the  Jamari  from  those  of  the  Ma- 
deira, which,  at  different  elevations,  continues 
to  exist  as  far  as  the  Jaci  Parana  River.  The 
ground  along  the  river's  edge  is  flat  and  good, 
and,  with  a  low  embankment,  would  be  avail- 
able for  railroad  purposes,  except  from  the  fact 
that  abrupt  hills  come  flush  to  the  river's  edge 
at  Macacos,  Theotonia  Falls  and  other  points. 

"  Between  the  river  and  the  dividing  ridge 
there  is  no  alternative  but  to  climb  to  the  pla- 
teau at  a  maximum  elevation  of  200  feet  above 
high  water. 

"From  San  Antonio  to  the  end  of  the  sixth 
mile  there  is  generally  rough  and  comparatively 
heavy  work;  from  there  to  the  end  of  the  forty- 
third  mile,  or  six  miles  this  side  of  the  Jaci 
Parana  River,  the  country  is  flat  and  gently 
rolling,  at  an  average  elevation  of  400  feet 
above  high  water,  over  which  a  very  cheap 
and  generally  favorable  line  can  be  obtained. 

' '  Between  the  ridge  and  the  Madeira  River 
are  numerous  detached  hills,  many  of  them 
quite  high,  into  which  we  ran  with  some  of 
our  trial  lines.  These  hills  are  generally  in  the 
neighborhood  of  the  rapids.  Calling  high 
water  2U0,  the  maximum  elevation  of  the  ridge 
is  400  feet,  that  of  the  detached  hills  500  feet. 

"Our  survey  along  the  Jaci  Parana  River 
shows  us  a  very  crooked  stream  from  350  to 
400  feet  wide  during  low  water,  with  generally 
low  banks  from  2  to  8  feet  below  high  water, 
and  in  some  places  high  bluffs  on  one  side  and 
lower  ground  on  the  other.  The  highest  and 
best  ground  on  the  west  side  is  that  which  we 
have  chosen  for  the  crossing ;  it  is  about  8 
miles  from  the  mouth  of  the  river  by  the  river, 
and  four  miles  in  a  direct  line. 

"From  the  crossing  toward  Santonio  the 
ground  rises  gradually  about  2  to  3  feet  per 
hundred  until  it  reaches  .the  plateau,  which  is 
100  feet  above  high  water,  being  level  in  a  di- 
rection up  and  down  the  Jaci  Parana. 

"Regarding  waterways  between  San  Anto- 
nio and  Calderao,  we  shall  require  nothing  in 
the  bridge  line  except  over  a  creek  one-half 
mile  from  San  Antonio  and  the  Jaci  Parana 
River.  The  creek  is  150  feet  wide  at  high 
water.  Over  the  river  from  350  to  400  feet  of 
bridging  will  be  ample.     The  necessary  cul- 
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verts  will  average  one  in  every  two  miles.  As 
for  timber,  we  can  get  tie  timber  anywhere. 
The  timber  is  the  heaviest  on  the  first  twenty 
miles,  and  gets  gradually  lighter  as  we  approach 
the  Jaci  Parana  River.  Adjacent  to  the  river 
small  palms  mostly  abound,  few  of  the  trees 
being  more  than  10  inches  through.  The 
brush  is  everywhere  very  dense,  making  it  im- 
possible to  -investigate  the  country  on  either 
side  of  the  line  without  running  cut  lines  and 
levels. 

"We  have  been  much  thrown  back  on  ac 
count  of  sickness  among  the  corps,  resulting 
not  so  much  from  the  unhealthiness  of  the  cli 
mate  as  from  the  difficulty  of  keeping  up  the 
supplies  of  proper  food.  My  own  experience 
has  been,  that  beyond  a  slight  bilious  tendency, 
tlie  climate  is  not  unhealthy,  except,  perhaps, 
through  the  months  of  July  and  August. 

"There  has  been  no  suffering  from  the  heat 
by  those  in  the  woods,  although  the  tempera- 
ture ranges  at  about  100°  Fah.  (max.)  in  the 
shade,  and  120°  (max.)  in  the  sun.  As  to  the 
geological  features,  I  am  inclined  to  think  we 
shall  find  no  solid  rock,  except  at  stations  110 
and  200.  In  nearly  every  cut  in  the  first  six 
miles  we  have  found  a  decomposed  granite 
cemented  with  clay  or  iron — in  many  cases, 
granite  boulders.  That  composing  the  Cachu- 
elas  is  undoubtedly  of  volcanic  origin. 

"Regarding  the  location  of  our  line  to  the 
Madeira  River,  after  passing  Macacos,  where 
we  are  2006  feet  in  the  closest  point,  is  at  the 
sixteenth  mile  post,  or  two  miles  above  Ross- 
town,  where  we  are  about  two  miles  in.  At 
Theotonio  Falls,  ten  miles  from  here,  we  are 
six  miles  in;  at  San  Carlos,  twenty  miles  from 
here,  three  miles  in;  at  the  thirty  first  mile  post, 
we  are  most  distant,  being  nine  miles  inland; 
at  Jaci  Parana  River,  four  miles;  at  Calderao, 
two  and  one-half  miles;  at  Tres  Irmaos  we 
shall  probably  be  on  the  river  bank. 

"I  am,  gentlemen,  your  obedient  servant, 

"C.  S.  D'Invilliers,  O.  E." 
"  November  25,  1878. 
"Messrs.  P.  and  T.  Collins: 

"Gentlemen: — I  send  you  this  month  maps 
of  the  located  line  of  railway  from  San  Anto- 
nio to  station  1100,  or  about  twenty-one  and 
one-half  miles,  and  projected  location  from 
station  1100  to  Calderao  do  Infierno  or  station 
8530.  The  locating  party  are  now  about  station 
1700,  and  making  very  rapid  progress. 

"At  the  time  of  writing,  the  track  is  laid  to 
station  208,  or  four  miles,  and  the  grading 
from  there  to  the  end  of  the  six  miles  of  heavy 
work  more  than  half  finished.  Considerable  of 
the  track  is  laid  on  temporary  line  at  an  ex- 
pense of  about  $8,000. 

"  There  have  been  nine  trestles  erected  (two 
on  temporary  line)  of  a  total  length  of  1453 
feet,  which  have  cost  $7,500.  There  are 
twenty-one  miles  'cleared  of  timber. 

"In  order  to  obtain  the  information  we  have 
been  obliged  to  run  about  160  miles  of  trial 
line. 

"The  locating  party  under  Mr.  Byers is  com- 
posed principally  of  Bolivian  Indians,  there 
being  seven  whites  and  twenty -five  Indians. 
These  do  the  duty  of  axemen,  move  the  camp, 
and  transport  provisions  from  San  Antonio. 


"On  the  first  six  miles  there  will  be  158,500 
cubic  yards  of  excavation,  about  two-thirds  of 
which  will  be  paid  for  as  rock  or  shale,  and 
175,000  cubic  yards  of  embankment.  On  the 
remaining  distance  the  quantities  will  prob 
average  from. 10,000  to  15,000  cubic  yards  of 
material  to  be  moved  per  mile.  There  will 
probably  be  required,  on  the  average,  one  cul- 
vert per  mile,  for  which  I  should  propose  using 
iron  pipe. 

"The  only  bridging  we  are  sure  of  is  150  lin. 
feet  at  station  30,  and  350  lin.  feet  at  station 
2740,  over  the  Jaci  Parana  River,  though  we 
may  have  to  bridge  some  of  the  smaller  streams 
— at  most,  three  or  four  of  them.  There  is  but 
little  stone  to  be  obtained  anywhere,  except  at 
San  Antonio  and  Theotonio  Falls.  At  the  lat- 
ter place  the  stone  is  already  cut  and  bedded 
by  nature. — Your  obedient  servant, 

"  C.  S.  D'Invilliers,  Chief  Engineer.'''' 

"Mr.  George  Burnham,  Jr.,  read  a  paper  on 
the  subject  of  some  Features  of  Ancient  Engi- 
neering." Modern  research  has  developed  the 
fact  that  nearly  all  the  materials  (in  a  very  wide 
sense  of  the  word)  of  modern  civilization  origi- 
nated in  antiquity  ;  the  peculiar  province  "of 
our  time  being  to  ring  the  changes  of  variety 
upon  these  elements  and  give  them  an  immense 
diffusion. 

The  textile  fabrics  of  wool,  cotton,  flax  and 
silk  were  known  to  the  Egyptians  of  three  or 
four  thousand  years  ago,  but  the  cotton-gin,  the 
power-loom  and  the  steam-engine  have  greatly 
increased  their  variety  and  put  them  into  the 
hands  of  every  one.  The  same  thing  is  true  of 
the  Engineering  art  for,  if  we  except  iron  fram- 
ing the  ancients  originated  nearly  all  the  typi- 
cal forms  we  now  employ.  They  were  ac- 
quainted with  the  constructive  uses  of  wood  ; 
carried  stone  construction  to  a  point  that  we 
have  never  since  reached  and  probably  never 
shall  ;  their  brick  work  dates  from  the  very 
earliest  times,  and  they  constructed  canals  and 
aqueducts  for  irrigation,  water  supply  and  in- 
land navigation  as  well  as  elaborate  drainage 
systems  long  before  their  civilization  cul- 
minated. 

The  Chaldean  structures,  dating  from  2200 
to  1500  B.C.,  were  built  of  small  sun  dried 
bricks  laid  in  bitumen  and  faced  with  kiln 
dried  bricks  stamped  with  the  name  of  the 
king.  These  temples  were  built  on  elevated 
platforms  of  beaten  clay  in  some  instances 
cased  with  massive  walls  of  stone  the  object 
being  to  raise  them  above  the  level  of  the  plain 
for  architectural  effect  and  to  avoid  inundation. 
A  brick  burial  vault  at  Mugheir  exhibits  a 
rudimentary  arch.  The  vault  is  seven  feet 
long,  five  feet  high,  and  three  feet  seven  inches 
wide.  The  sides  slope  gently  outwards  until 
the  springing  line  is  reached  when  the  succes- 
sive courses  are  pushed  towards  each  other 
until  they  meet  at  the  top. 

Similar  arches  are  found  in  early  Greek  work 
at  Phigalia,  Messene,  and  other  places. 

The  old  notion  that  the  round  arch  was  of 
Roman  and  the  pointed  arch  of  Gothic  origin 
has  been  dissipated  by  the  spade  of  the  archaeo- 
logist. Both  of  these  varieties  are  found  in 
Assyrian  work.  They  are  usually  of  brick 
and    occur    in    underground    construction    as 
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drains  and  vaults.  The  brick  arch  existed  in 
Egypt  as  early  as  1540  B.C.  and  a  stone  arch 
has  been  found  dating  from  600  B.C. 

The  masonry  of  the  past  is,  of  course,  identi- 
cal with  ours  since  we  have  simply  adopted  the 
methods  of  the  ancients.  We  find  in  Egypt 
and  Western  Asia  smooth  and  rock  faced  ash- 
lar, rubble,  and  irregular  range  work  essentially 
like  that  of  to-day.  The  Assyrian  and  Egypt- 
ian bas-reliefs  indicate  their  method  of  moving 
heavy  masses.  Sledges  were  used  drawn  by 
large  bodies  of  men.  Rollers  were  placed 
under  the  sledge  and  the  piece  was  carefully 
"guyed"  by  parties  of  men  with  appropriate 
ropes  and  props. 

The  Roman  military  roads  crossed  mountains 
and  valleys  without  regard  to  the  nature  of  the 
ground  ;  tunnels,  open  cuts,  embankments, 
and  bridges  frequently  occurring.  Place  cross 
ties  and  steel  rails  upon  a  Roman  road  and 
suppose  the  grade  not  too  steep,  and  the  points 
of  approach  and  divergence  of  modern  and 
ancient  engineering  are  at  once  apparent.  Sub- 
stantially the  substructure  was  the  same  as  that 
of  a  modern  rail  road,  but  in  place  of  the  pe- 
destrian or  the  ox  team  we  have  the  locomotive 
with  its  "Fast  Express"  or  heavily  laden 
freight  train. 

Prof.  L.  M.  Haupt  read  a  paper  explaining 
the  modus  operandi  of  the  ' '  Holly  System  of 
Steam  Heating  "  following  it  by  some  remarks 
concerning  its  economy,  general  application 
and  rapid  introduction. 

In  his  introduction  he  laid  great  stress  upon 
the  necessity  for  providing  more  perfect  venti- 
lation and  the  difficulties  presented  by  the  pre- 
vailing sj' stem  of  hot  air  furnaces. 

The  plant  of  the  Holly  Company  is  very 
similar  to  that  generally  used  for  the  distribu- 
tion of  other  fluids,  as  gas  or  water,  that  is 
there  are  generators  or  reservoirs  where  the 
steam  is  made  under  a  pressure  of  about  sixty 
pounds.  Thence  it  is  conveyed  by  mains  to 
the  house  or  shops  where  it  is  to  be  used  at  a 
very  low  pressure.  It  is  registered  by  a  meter 
in  each  house  and  can  be  turned  on  or  off  at 
pleasure.  New  radiators  have  been  introduced 
open  at  the  bottom  so  that  the  air  is  kept  suffi- 
ciently moist  and  the  racket  occasioned  by  the 
condensation  entirely  avoided. 

It  eliminates  the  necessity  of  keeping  up  so 
many  different  fires,  avoids  all  dust  and  removal 
of  ashes,  and  is  far  more  economical  than  the 
present  system.  It  has  been  used  with  great 
success  to  warm  schools,  churches,  halls  and 
dwellings,  to  run  mills  and  machinery,  to  ex- 
tinguish fires,  for  cooking,  heating  water  and 
for  many  other  purposes. 

The  ingenuity  displayed  by  Mr.  Holly  in  so 
successfully  solving  the  many  mechanical 
difficulties  connected  with  the  transmission  of 
steam  for  general  use  places  him  in  the  foie- 
most  rank  of  inventors  and  makes  him  a  pub- 
lic benefactor. 

The  system  has  been  in  practical  operation 
for  two  years  in  Lockport  and  organizations 
are  now  rapidly  making  for  its  introduclion 
in  many  other  places.  It  is  in  use  in  Buffalo, 
Detroit,  Utica,  Rochester  and  other  cities  and 
is  just  being  introduced  into  New  York  City, 
Troy  and  elsewhere. 


Apnl  5th,  1879.— Prof.  L.  M.  Haupt  read  a 
paper  on  the  "  Nomenclature  and  Classification 
of  Masonry." 

Various  discrepancies  exist  in  the  use  and 
meanings  of  the  terms  employed  to  designate 
the  classes  of  work,  and  to  remedy  this  Mr. 
Haupt  attempts  to  remove  the  ambiguities  by 
comparing  all  the  authorities  and  arranging 
them  in  such  order  that  they  can  be  more 
readily  referred  to  and  understood. 

Mr.  Cleeman  spoke  on  the  subject  of  "the 
proper  amount  of  water-way  for  Culverts," 
presenting  the  formula  of  Major  E.  T.  D. 
Meyers  of  Richmond,  Va.,  which  in  practice 
on  some  railroads  recently  built  in  that  state 
appears  to  be  more  applicable  than  the  formula 
heretofore  used. 

Prof.  Marks,  University  of  Pennsylvania, 
exhibited  his  adaptation  of  Peaucellier's  Com- 
pound Compass,  to  the  drawing  of  circles  of 
any  radius,  and  mathematically  straight  lines. 
This  compass  was  built  by  Messrs.  W.  J. 
Young  &  Sons,  Philadelphia,  for  the  State 
Geological  Survey. 


IRON  AND  STEEL  NOTES- 

Proposed  General  Classification  of 
Iron  and  Steel. — This  proposition 
emanates  from  a  sub-committee  of  the  German 
Railway  Union,  appointed  for  the  purpose,  and 
takes  the  form  of  a  report  presented  to  the  gen- 
eral meeting  of  the  Union  at  the  Hague,  July 
1877.  The  meeting  agreed  to  act  on  this  re- 
port, both  by  bringing  influence  to  bear  on 
various  governments,  with  the  view  of  having 
such  a  classification  definitely  fixed  and  agreed 
upon,  and  also  by  instituting  further  experi- 
ments in  order  to  render  the  classification  more 
exact. 

The  sub-committee's  report  first  enlarges  on 
the  desirability  of  such  a  classification,  and 
especially  mentions  the  great  inequalities  now 
found  to  exist  among  different  specimens  of 
iron  and  steel,  supposed  to  be  of  similar  make, 
owing  to  an  ignorance  of  the  laws  under  which 
differences  of  quality  are  produced.  It  ob- 
serves that  such  a  classification  might  require 
revision  from  time  to  time,  and  then  proceeds 
to  give  a  table  which  it  considers  to  be  as  per- 
fect as  can  be  attained  in  the  present  state  of 
knowledge.  The  two  qualities  specified 
throughout  are  strength,  as  represented  by  the 
tensional  breaking  strain  in  kilogrammes  per 
square  centimeter,  and  ductility,  as  represented 
"by  the  percentage  of  contraction  of  area  at  the 
breaking  point. 

The  table  is  as  follows: 

(See  Table  on  fdloioing  page.) 

The  above  classification  would  not  of  course 
do  anything  towards  solving  the  question  which 
class  of  material  is  the  most  fitting  to  use  for 
any  particular  purpose.  This  requires  a  much 
more  extensive  range  of  experience  and  of  tests, 
and  the  report  concludes  hy  strongly  recom- 
mending that  an  Office  of  Research  (Versuch- 
sanstalt)  should  be  established  by  government 
with  the  special  object  of  investigating  such 
matters. 


EAILWAY    WOTES. 


447 


A.  Bessemer  steel,  cast  steel,  or 
Siemens-Martin  steels  used 
as  a  material  of  construction 
for  rails,  axles,  tires,  &c. 

i  Class  a.  Hard 
"     b.  Medium 
"     e.  Soft.... 
Fracture  to  be  uniform,  and  no 
cracks  visible  in  tbe  broken 
ends. 

^  a  r,     i-+     (  Class  a.  Hard. 
5nd  Quality  -j      „     h_  goft>_ 

Fracture,  &c,  as  above. 


B. 

1st  Quality. 
2nd      " 


Bar  iron. 


1st  Quality 
2  ad  Quality 


C.  Plate  iron. 

with  the  grain, 
across     " 

with  the  grain . 
across     ' ' 


«§6W 


92-d 


&o       •  „, 

«  ft  II  V, 

6  &     § 

GO    03      .    & 

d  ^  co 
^h  a  03 

*  d  ■£  '<* 

o  g  g  p, 

d       a 

03  03 

H      O 


6,500 
5,500 
4,500 


5,500 
4,500 


3,800 
3,500 


3,600 
3,200 

3,300 
3,000 


0,03 


Q 


25 
35 
45 


20 
30 


40 
25 


25 
15 

15 
9 


All  material  which  falls  below  these  limits  it 
is  proposed  to  distinguish  as  "non-classified" 
material. 


RAILWAY  NOTES. 

a"^HE  State  of  Guatemala,  the  largest  in  ex- 
tent of  territory  and  population  in  Central 
America,  bas  recently  granted  a  concession 
for  the  construction  of  a  railroad  from  the 
port  of  St.  Jose,  on  the  Pacific  Coast,  to  the 
city  of  Escuintla,  in  the  interior.  Escuintla 
is  a  town  of  some  8,000  inhabitants,  situate 
about  thirty  miles  from  the  port  of  St.  Jose  on 
the  high  road  to  the  capital,  from  which  it  is 
nearly  an  equal  distance.  Guatemala,  the 
capital  of  the  State,  contains  a  population  of 
5J,000  to  60,000,  is  a  well-built,  old  established 
city,  and  is  the  residence  of  the  foreign  minis- 
isters  to  the  Central  American  States.  It  is 
intended  to  continue  tbe  construction  of  this 
line  to  the  capital  city  of  Guatemala,  and 
eventually  to  the  Atlantic  port  of  Santa 
Tomas,  and,  if  thus  extended,  this  line  must 
become  a  new  inter-oceanic  route.  In  this  re- 
lation the  Guatemala  line  will,  says  the  San 
Francisco  Bulletin,  have  the  advantage  of  a 
shorter  sea  route  between  San  Francisco  and 
the  Atlantic  cities,  of  from  1,500  to  2,000 
miles,  and  also  a  large  local  trade  in  which 
the  Panama  Railroad  line  is  altogether  de- 
ficient. 


AN  electro-magnetic  railway  ticket  counter, 
to  indicate  the  number  of  passengers 
going  by  a  particular  train,  and  so  the  number 
of  carriages  of  each  class  required,  has  recently 
been  adopted  at  the  station  of  the  Kaiser  Fer- 
dinand's Nordbahn,  in  Vienna.  The  date 
press  of  each  of  the  three  ticket  boxes  is  furn- 
ished with  an  electric  contact,  actuated  each 
time  a  ticket  is  pushed  in  to  be  stamped.  Three 
lines  connect  the  presses  with  a  clock-shaped 
counter  in  the  office,  where  the  train  is  ar- 
ranged, having  discs  with  numbers  and  point- 
ers, so  that  the  number  of  passengers  booked 
can  be  seen  at  once.  The  arrangement  con- 
duces to  promptness  in  ordinary  circumstances, 
and  where  great  crowds  are  travelling  success- 
ive trains  can  be  quickly  despatched  without 
overloading  with  passengers.  Messrs.  Meyer  & 
Wolf  of  Vienna,  supplied  the  apparatus. 

WE  take  from  a  detailed  review  of  the  rail- 
ways constructed  in  the  United  States 
in  1878,  published  in  the  Railroad  Gazette,  the 
following  condensed  statement  of  the  mileage 
of  new  railroad  constructed  in  each  state  and 
territory  during  the  year  1878: — Alabama,  22 
Arizona,    30;     Arkansas,    7;    California,    71 J 
Colorado,    193^;     Dakota,    15;    Delaware,     6 
Georgia,  62;  Idaho,  126;  Illinois,  103,  Indiana 
74;  Iowa,  255^;  Kansas,  1694;;  Kentucky;  20 
Maryland,    5-J-;    Massachusetts,    6;    Michigan 
110i;  Minnesota,  338|-;  Mississippi,  26;  Missou 
ria,  209;  Nebraska,  55;  New   Hampshire,  35 
New  Jersey,  3;  New  York,  129£;   North  Caro- 
lina, 16;  Ohio,  97;  Oregon,  36;  Pennsylvania, 
188£;     South    Carolina,    16£;     Tennesse,     10; 
Texas,  1184;  Virginia,  16|;  Washington  T.  15; 
West  Virginia,  164;  Wisconsin,  83|;  or  a  total 
of  2688  miles  compared  with  7340  in  1872,  3883 
in  1873,  2025  in  1874,  1561  in  1875,  2450  in  1876, 
and  2281  in  1877. 

The  fall  of  a  railway  bridge  took  place  re- 
cently on  the  Manchester,  Sheffield,  and 
Lincolnshire  Railway.  The  bridge,  situated 
at  Chalk  Hill,  was  considered  to  be  in  great 
danger  of  falling,  and  it  was  decided  to  take 
it  down.  Last  Sunday  night  was  appointed 
for  the  work,  as  no  week-day  could  be  spared 
in  consequence  of  the  great  traffic  at  that 
place.  Mr.  Fisher,  the  resident  engineer,  was 
on  the  spot,  and  at  nine  o'clock  operations 
commenced.  The  recent  frost  had  done  con- 
siderable damage  to  the  earthwork,  and  the 
brickwork  of  the  bridge  had  been  also,  to  a 
large  extent,  dislodged.  It  was  decided,  if 
possible,  to  blow  up  the  bridge,  and  no  less 
than  seventeen  shots  were  placed  thereon  with- 
out making  &nj  perceptible  effect.  It  was 
then  determined  to  take  it  down  piecemeal. 
The  workmen  worked  on  a  temporary  stage  a 
few  feet  above  the  bridge  proper,  and  were 
perfectly  safe  About  half  past  three  o'clock 
on  Monday  morning,  a  little  less  than  half  of 
the  key  of  the  arch  had  been  removed,  when 
without  a  moment's  warning  the  bridge  fell. 
Some  of  the  men  had  unfortunately,  contrary 
to  orders,  been  standing  on  the  key  of  the 
arch  a  little  before,  and,  as  a  matter  of  course, 
they  fell  with  the  bridge  and  were  buried  in 
the  debris.  Great  efforts  were  made  to  get 
them  out  alive,  but  four  of  them  were  quite 
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dead  when  found.  Twelve  other  men  were 
more  or  less  injured,  and  three  were  taken  to 
the  Grimsby  Hospital,  and  the  remainder  to 
their  homes. 

European  Mountain  Railways  Operated 
by  Locomotives  with  Cog -Wheel 
Drivers. — The  Journal  of  the  Hanover  So- 
ciety, for  last  year,  contains  the  report  of  a 
lecture  by  one  of  its  members,  Mr.  Grove,  on 
the  several  mountain  railways  built  in  Austria 
and  Switzerland  within  the  past  eight  years. 
The  list  (adding  the  Mount  Washington  Rail- 
way for  comparison)  is  as  follows  : 
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The  rack  is  made  of  two  channel  irons, 
spaced  5  inches,  in  which  plays  the  cog-wheel 
of  the  engine,  4-inch  face,  and  4-inch  pitch  of 
cogs.  The  Wasseralfingen  road  alone  has  a 
3^-inch  pitch.  The  cogs  are  shaped  as  evo- 
lutes  of  a  circle,  so  that  a  variation  in  the 
depth  to  which  they  take  into  the  rack  does 
not  affect  their  regular  action.  On  the  Ror- 
schach-Heisden  road  the  rack  is  elevated  above 
the  ties  on  two  stringers,  leaving  the  space 
open  under  the  rounds  of  the  ladder-like  cen- 


tral rail,  so  that  snow  may  fall  through  or  be 
pushed  through  by  the  cog-wheel.  This  seems 
to  have  worked  well,  even  solid  ice  having 
been  thus  pushed  out  from  between  the  cogs. 
The  latest  roads  have  the  rack  fastened  to  the 
ties  by  suitable  castings  instead  of  by  longitud- 
inal stringers.  Switches  were  at  first  built 
after  the  manner  of  turntable,  but  have  recent- 
ly been  constructed  similar  to  other  switches 
by  Mr.  Klose,  of  Rorshach.  The  circumstance 
of  the  cog-rail  being  elevated  above  the  other 
rails,  simplified  the  construction  of  this  switch 
materially.  The  common  rails  are  switched  as 
ordinarily,  and  the  cog-rail  is  gradually  wid- 
ened, the  rounds  being  bent  at  the  same  time, 
so  as  to  remain  normal  to  each  side  bar  at  their 
ends  until  the  rail  has  attained  double  its  usual 
width,  when  it  is  continued  as  two  separate 
cog-rails.  The  engines  were  at  first  built  with 
vertical  boilers  ;  next  with  boilers  that  were 
level  on  an  average  grade  (agreeing  in  these 
two  steps  with  those  followed  on  the  Mount 
Washington  Railway),  but  are  now  built  with 
horizontal  boilers,  same  as  ordinary  locomo- 
tives. Various  methods  have  been  devised  for 
enabling  the  locomotives  to  work  by  adhesion 
of  their  smooth  wheels,  as  well  as  by  means  of 
their  cog-wheel  drivers,  and  by  means  of  either 
at  will.  No  one  of  these  has  been  permanently 
successful,  however,  so  that  the  proper  con- 
struction of  a  double  engine  of  this  sort  is  still 
a  matter  of  experimental  inquiry. 


ENGINEERING  STRUCTURES. 

description  op  a  paper  dome  for  an 
Astronomical  Observatory.  By  Pro- 
fessor Dascom  Greene,  Troy,  New  York. 
— An  astronomical  observatory  has  recently 
been  erected  for  the  Rensselaer  Potytechnic 
Institute,  through  the  liberality  of  Mr.  E. 
Proudrit  of  this  city.  In  maturing  the  plans, 
and  supervising  the  erection  of  the  building,  I 
have  introduced  an  improved  method  of  con- 
structing revolving  domes,  a  brief  account  of 
which  may  not  be  without  interest. 

While  making  the  preliminary  inquiries,  I 
ascertained  that  a  dome  of  the  dimensions  re- 
quired, constructed  in  any  of  the  methods  in 
common  use,  would  weigh  from  five  to  tons, 
and  require  the  aid  of  cumbersome  machinery 
to  revolve  it.  It  therefore  occurred  to  me  to 
obviate  this  objection  by  making  the  frame- 
work of  wood,  of  the  greatest  lightness  con- 
sistent with  the  requisite  strength,  and  cover- 
ing it  with  paper  of  a  quality  similar  to  that 
used  in  the  manufacture  of  paper  boats  ;  the 
principal  advantages  in  the  use  of  these  mate- 
rials being  that  they  admit  of  great  perfection 
of  form  and  finish,  and  give  extreme  lightness, 
strength,  and  stiffness  in  the  structure — prime 
qualities  in  a  movable  dome.  A  contract  was 
accordingly  made  with  Messrs.  E.  Waters  & 
Sons,  of  this  city,  the  well-known  builders  of 
paper  boats,  for  the  construction  of  the  dome, 
and  they  have  carried  out  the  undertaking -with 
great  skill  and  success. 

The  dome  is  a  hemisphere  with  an  outside 
diameter  of  twenty-nine  feet.  The  frame- 
work consists  primarily  of  a  circular  sill  which 
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forms  the  base,  and  two  semi- circular  arch 
girders  set  parallel  to  each  other,  four  feet 
apart  in  the  clear,  and  spanning  the  entire 
dome.  These  are  firmly  attached  to  the  sill, 
and  kept  in  a  vertical  position  by  means  of 
knee-braces.  The  sill  and  girders  are  of 
seasoned  pine,  the  former  being  8J  inches  wide 
by  3A  thick,  and  the  latter  each  4|  by  8  inches. 

The  paper  covering  of  the  dome  is  made  in 
sixteen  equal  sections,  such  that  when  set  up 
side  by  side,  their  bases  on  the  sill,  and  their 
extremities  meeting  at  the  top,  they  form  a 
complete  hemispherical  surface.  The  frame- 
work of  each  section  consists  of  three  vertical 
ribs  of  pine,  each  3|  inches  in  width  and  f  of 
an  inch  thick,  one  at  each  side,  and  one  mid- 
way between,  and  meeting  at  the  apex.  The 
paper  was  stretched  over  this  frame-work  as 
follows  : 

A  wooden  model  of  full  size  being  made  of 
that  portion  of  the  dome  included  within  one 
of  the  sections,  with  a  surface  truly  spherical, 
the  frame-work  of  a  section  was  placed  in  its 
proper  position  on  the  model,  so  that  its  outer 
edges  formed  part  of  the  same  spherical  sur- 
face, and  covered  with  shellac  where  it  was  to 
be  in  contact  with  the  paper.  The  sheet  of 
paper  cut  in  the  proper  form  was  then  laid  on 
the  model  while  moist,  the  edges  turned  down 
over  the  side  ribs,  and  the  whole  placed  in  a 
hot  chamber  and  left  until  thoroughly  dry. 
In  this  way  the  several  sections  were  dried  off 
in  succession  over  the  same  model.  The 
paper  used  is  of  a  very  superior  quality,  man- 
ufactured expressly  for  the  purpose  by 
Messrs.  Crane  Brothers,  of  Westfield.  Mass. 
Its  thickness  after  drying  is  about  one-sixth  of 
an  inch,  and  it  has  a  structure  as  compact  as 
that  of  the  hardest  wood,  which  it  greatly 
excels  in  strength,  toughness  and  freedom 
from  any  liability  to  fracture. 

After  being  thoroughly  painted,  the  several 
sections  were  ready  to  be  set  up  side  by  side  on 
the  sill,  and  connected  together  by  bolting 
through  the  adjacent  ribs.  The  space  between 
the  arch  girders  being  left  uncovered  on  one 
side  from  the  sill  to  a  distance  of  two  feet  be- 
yond the  zenith,  the  upper  ends  of  the  sections 
required  to  be  cut  off  and  accurately  fitted  to 
the  girders.  The  joints  between  sections  were 
made  weather  proof'  by  inserting  a  double 
thickness  of  heavy  cotlon  cloth  saturated  with 
white  lead  paint.  The  adjacent  side  ribs  were 
then  bolted  firmly  together  through  the  paper 
and  cloth,  the  lower  ends  attached  to  the  sill 
by  angle  irons,  the  upper  ends  bolted  to  the 
girders,  and  the  lower  edge  of  the  paper  turned 
under  the  sill  and  securely  nailed.  The  joints 
were  afterwards  painted  over  on  the  outside. 
As  the  entire  surface  exposed  is  free  from  nail 
holes  or  other  abrasions  in  the  paper  the  struc- 
ture promises,  with  an  occasional  coat  of  paint, 
to  last  for  many  years,  and  to  form  an  effective 
and  serviceable  roof. 

The  four  feet  opening  between  the  arch  gird- 
ers is  covered  by  a  shutter  which  is  also  of 
paper  stretched  over  a  wooden  frame.  With 
the  exception  of  about  two  feet  at  the  lower 
extremity  this  shutter  is  in  a  single  piece. 
Attached  to  its  sides  are  a  series  of  iron  rollers 
which  run  on  a  railway  track  of  band  iron  laid 


down  on  the  girders,  by  which  means  the  shut- 
ter can  be  moved  over  to  the  opposite  side  of 
the  dome.  The  wooden  sides  of  the  shutter 
have  iron  flanges  attached  to  their  lower  edges, 
which  project  under  the  railway  tracks,  making 
the  whole  weather  proof.  The  shutter  is 
opened  and  closed  by  means  of  a  windlass  and 
wire  rope. 

The  weight  of  the  dome  and  its  appurtenan- 
ces is  about  4,000  pounds.  It  is  supported  on 
six  8-inch  balls  which  roll  between  grooved 
iron  tracks,  and  can  be  easily  revolved  by  a 
moderate  pressure  applied  directly,  without 
the  aid  of  machinery. 


ORDNANCE  AND  NAVAL. 

REPEATTNG-RlFLES  FOR  THE  FRENCH  NAVY. 
—The  French  authorities  have  recently 
made  a  careful  trial  of  repeating  arms  with  a 
view  to  adoption  should  one  be  found  which, 
while  serviceable  in  other  respects,  fulfilled  the 
following  conditions,  which  were  put  forth  in 
March,  1377  :— (1)  To  fire  the  regulation  me- 
tallic cartridge  of  the  army.  (2)  To  have  the 
same  trajectory  and  the  same  accuracy  as  the 
rifle  model,  1874.  (3)  So  constructed  as  to  be 
used  as  an  ordinary  single  shot  arm,  or,  in 
other  words,  to  admit  of  passing  quickly  and 
simply  from  single  shot  loading  and  firing  to 
repeating  and  vice  versa.  (4)  To  be  strong,  not 
requiring  too  tender  care,  not  to  be  exposed, 
from  a  breaking  down  of  the  repeating  me- 
chanism, to  unserviceableness  as  a  single 
shooter,  to  be  dismounted,  cleaned,  and  re- 
mounted without  difficulty.  On  March  28th, 
1877,  the  minister  approved  of  this  programme, 
and  on  September  14th  he  sent  orders  to  Cher- 
bourg to  experiment  with  three  types  of  re- 
peaters, with  detailed  instructions  as  to  the 
trials.  These  three  arms  were :— (1)  The 
Hotchkiss  ;  (2)  the  Kropatschek  ;  (3)  the  Krag. 
To  these  three  the  board  confined  themselves. 

The  result  of  these  trials  showed  that  the 
magazine  of  the  Hotchkiss  was  most  quickly 
charged.  The  Hotchkiss  also  fires  most  rapidly ; 
both  in  repeating  and  single  shot  fire  the 
Kropatschek  was  not  far  behind  it.  The  Krag 
does  not  seem  to  have  been  well  understood 
and  manipulated  by  the  men. 

The  Kropatschek— modified— with  eight  cart- 
ridges in  its  magazine  beat  the  Hotchkiss 
which  had  only  six,  while  the  Krag  with  nine 
cartridges  was  best  of  all.  The  time  necessary 
to  discharge  this  latter  arm's  magazine  of  nine 
rounds  was  24.85  seconds,  in  which  time  the 
Kropatschek  had  on  an  average  fired  8.9  cart- 
ridges per  arm,  and  the  Hotchkiss  7.9  starting 
with  the  magazine  closed  :  with  the  magazine 
open  25  seconds  were  occupied,  in  which  time 
the  Krag  fired  9,  the  Kropatschek  9.3  and  the 
Hotchkiss  8.25  rounds  on  an  average.  Single 
shot  fire  proved  better  than  recharging  the 
magazine  and  repeating  continually.  The 
minimum  times  taken  to'fire  off  the  magazines, 
at  the  conclusion  of  the  experiments,  when 
the  men  were  expert,  were  as  follows  : — Hotch- 
kiss—6  rounds— in  10  seconds;  Kropatschek, 
modified— 8  rounds— in  14  seconds  ;  Krag— 9 
rounds— in  17  seconds  ;  giving  an  average  time 
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per  round  of  1.66,  1.75,  and  1.88  seconds  re- 
spectively. 

Finally,  it  was  concluded  that  the  Hotchkiss 
rifle  is  the  easiest  and  quickest  in  charging  the 
magazines  ;  then  the  Kropatschek ;  and  last, 
Krag.  As  to  rapidity  of  fire,  the  Hotchkiss 
and  Kropatschek  are  about  equal.  Large 
magazines  have  a  great  advantage  ;  the  maga- 
zine once  empty,  it  is  best  not  to  attempt  to  re- 
fill it  till  leisure  gives  the  opportunity. — Engi- 
neer. 


BOOK  NOTICES. 

Specimen  Book  of  One -Hundred  Archi- 
tectural, Designs,  showing  Plans,  Ele- 
vations, Views,  and  including  Bills  op  Ma- 
terials. New  York  :  A.  J.  Bicknell  &  Co. 
For  sale  by  D.  Van  Nostrand.    Price,  $1.00. 

The  illustrations  of  this  book  are  selections 
from  various  works  on  Architecture.  The 
views  are  well  printed  on  good  paper,  and  con- 
stitute the  book.  There  is  no  descriptive  text 
worth  mentioning. 

The  Study  of  Rocks.  By  Frank  Rutlet, 
F.G.S.  New  York  :  D.  Appleton  &  Co. 
For  sale  by  D.  Van  Nostrand.     Price  $1 .75. 

This  is  a  late  addition  to  the  series  of  "Text- 
Books  of  Science." 

It  is  adapted  for  beginners  in  Petrology  and 
only  supposes  the  merest  rudimentary  knowl- 
edge of  Geology,  and  a  fair  amount  of  me- 
chanical skill  to  be  applied  to  the  preparation 
of  specimens  for  the  microscope. 

Tne  method  of  the  author  is  logical  and  clear, 
such  that  the  ordinary  student  can  follow 
with  profit  without  requiring  the  aid  of  an  in- 
structor, provided  only  that  he  can  detect  the 
common  minerals  by  the  ordinary  processes, 
and  can  also  work  the  microscope. 

Some  diagram  "schemes  "  of  deviations  from 
well  known  rocks  are  excellent.  Other  illus- 
trations of  the  book  are  good  and  fairly  numer- 
ous. 

Experiments  on  Repeating-Rifles  by  a 
Board  of  French  Naval  Officers. 
Translated  by  Lieut.  Theo.  B.  M.  Mason.  New 
York :    Office  of    Army   and  Navy    Journal. 

The  question  of  superiority  of  the  repeating 
over  the  single  short  rifle  has  been  the  sub- 
ject, in  Europe  especially,  of  long  discussions. 

The  French  Navy  decided  to  arm  the  sailors 
with  a  magazine  gun,  and  began  for  that  pur- 
pose a  systematic  course  of  experiments,  of 
which  the  report  is  a  full  account. 

The  Report  first  presents  the  reasons  for 
using  repeating  rifles,  quoting  from  eminent 
military  authorities.  The  description  of  the 
arms  experimented  with  next  follows.  ■  These 
rifles  were  the  Hotchkiss  (American)  Krag 
(Norwegian)  and  Kropatshick  (Austrian).  The 
reasons  for  finally  adopting  the  latter  are  fully 
set  forth. 

Many  readers  who  are  not  in  any  degree  in- 
clined to  military  tastes  will  read  this  report 
with  interest. 

Filtration  of  Potable  Water.     By  Wm. 
Ripley  Nichols.     New  York  :    For  sale 
by  D.  Van  Nostrand.     Price  $1.50. 


The  filtration  of  water  on  a  large  scale,  has 
been  but  little  practiced  in  this  country.  The 
necessity  of  such  a  treatment  in  the  case  of 
many  sources  of  supply  is  very  generally  recog- 
nized, but  the  practice  is  but  little  more  than  a 
rude  kind  of  straining. 

Professor  Nichols  has  clearly  specified  the 
circumstances  which  render  filtering  advisable, 
and  has  described  with  exceptional  fullness  the 
methods  by  which  it  may  be  accomplished. 

The  illustrations  of  working  filters,  both  for 
town  and  for  family  supply,  are  given  with  an 
attention  to  detail  which  makes  them  working 
plans. 

The  work  is  indispensable  to  engineers  who 
manage  or  project  water  supply  systems,  and 
v>  ill  prove  equally  valuable  to  those  who  regu- 
late such  supply  with  reference  to  sanitary  pre- 
caution. 

Les  Ponts  de  l'Amerique  du  Nord.  Par 
L.  Ant.  Comolli.  Ingenieur.  Paris  : 
Ambroise  Lefevre.  For  sale  by  D.  Van 
Nostrand.     Price,  $18.00. 

This  is  a  quarto  volume  of  450  pages,  accom- 
panied by  an  atlas  of  54  plates. 

The  text  is  divided  into  two  nearly  equal 
parts.  The  first  gives  the  theory  of  bridge 
building  as  presented  by  American  writers,  a 
large  portion  of  Shreve's  excellent  work  occu- 
pying a  prominent  place.  Whipple  and  Mer- 
rill are  also  freely  quoted.  The  second  part 
presents  examples  of  American  Bridges,  and  in 
this  part  also  well  known  American  books  in- 
cluding descriptive  papers  from  several  sources. 

Hildebrand's  work  on  "  Cable  Making  for 
Suspension  Bridges,"  published  originally  in 
this  Magazine,  is  given  entire. 

The  Atlas  of  Plates  is  an  excellent  collection 
of  plans  of  American  bridges  with  well  drawn 
details.  To  engineers  who  would  like  native 
engineering  literature  done  into  French  the 
opportunity  is  a  good  one. 


MISCELLANEOUS. 

Two  Jgreat  but  frequently-recurring  canal 
questions  are  again  said  to  be  occupying 
much  attention  in  America.  It  is  once  more  said 
that  the  route  for  the  Panama  Canal  has  been 
fixed.  Lake  Nicaragua  is  to  be  utilized,  and  a 
cut  is  to  be  made  through  the  mountain  chain 
between  Nicaragua  and  Brito  into  the  lake. 
From  the  northeastern  part  of  the  lake  exit 
will  probably  be  through  a  cut  parallel  to  the 
river  San  Juan  into  the  Gorgon  Bay.  The 
other  canal  is  the  long-talked-of  ship  canal  to 
connect  Chesapeake  Bay  with  Delaware  Bay, 
and  shorten  the  water  route  from  Baltimore  to 
New  York  and  Europe  some  225  miles.  The 
canal  will  be  seventeen  miles  long,  100  feet 
wide  and  25  feet  deep,  and  the  estimated  cost 
is  stated  as  £800,000.  The  promoters  state  that 
the  present  commerce  of  Baltimore  would  give 
to  the  canal  an  income  of  $160,000  from  the 
authorized  rate  of  toll — lOd.  per  ton.  Tne 
canal  is  to  follow  the  valley  of  the  Sassafrs, 
and  be  without  locks. 
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THERMODYNAMICS. 

Br  HENRY  T.  EDDY,  C.  E.,  Ph.  D.,  University  of  Cincinnati. 
Written  for  Van  Nostrand's  Magazine. 


IV. 


39.  Mixture  of  a  Liquid  and  its  Vapor. 
— A  vapor  confined  in  the  presence  of 
the  liquid  from  which  it  evaporates,  soon 
arrives  at  its  maximum  tension  and  it  is 
then  said  to  be  a  saturated  vapor;  but  a 
vapor  removed  from  its  liquid  is,  in  gen- 
eral, superheated. 

The  thermodynamic  behavior  of  super- 
heated vapors  has  been  included,  at  least 
to  a  close  degree  of  approximation,  in 
the  equations  and  discussions  of  the  be- 
havior of  perfect  gases;  for  superheated 
vapors  are  to  be  regarded  as  gases  which 
are  but  slightly  more  imperfect  than  the 
so-called  permanent  gases. 

The  physical  properties  of  liquids  and 
their  vapors  are  well  understood  in  a 
general  way  from  the  familiar  example  of 
water  and  steam  which  may  be  taken  as 
the  type  of  the  mixture  to  be  treated. 

The  equations  for  mixtures  which  we 
shall  arrive  at,  apply  however,  not  only 
to  mixtures  of  a  liquid  and  its  vapor  dur- 
ing evaporation,  but  they  also  apply 
equally  to  a  mixture  of  any  solid  and  is 
liquid  during  liquefaction,  such  as  melting 
ice  and  water,  or  to  any  chemical  de- 
composition in  progress  or  to  the  phe- 
nomena of  dissociation. 

The  substances  heretofore  considered 
have  not  been  regarded  as  undergoing  a 
change  of  physical  state  which  is  of  such 
Vol.  XX.— No.  6—31 


a  discontinuous  nature  as  vaporization, 
liquefaction  or  decomposition,  but  it  has 
been  assumed  that  the  substance  under 
consideration  was  such  that  the  volume 
(or  any  other  physical  property)  of  a 
unit  of  the  given  substance  was  a  defin- 
ite, though  perhaps  unknown  function  of 
its  temperature  and  pressure.  But  with 
a  mixture  of  a  liquid  and  its  vapor  it  is 
otherwise,  for  in  that  case  the  pressure 
depends  directly  upon  the  temperature, 
so  that 

P=f(t) (212) 

in  which  f  denotes  a  form  of  function 
Which  can  be  determined  by  experiment. 
The  volume  or  any  other  physical  prop- 
erty of  the  mixture  evidently  cannot  m 
this  case  be  expressed  as  a  function  of  p 
and  t,  for  by  the  help  of  (212)  it  would 
then  be  possible  to  eliminate  one  of  these 
variables  and  express  the  volume,  etc..  in 
terms  of  either  single  variable  p  or  t. 
The  physical  state  of  any  substance  can 
not  be  thus  determinately  expressed  as  a 
function  of  one  independent  variable, 
but  requires,  as  has  been  previously 
stated,  two  independent  variables  in 
order  to  determine  its  state.  Hence  any 
of  the  previous  general  equations  which 
can  be  reduced  by  help  of  (212)  in  such 
a  manner  that  it  will  contain  but  one  in- 
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dependent  variable  will  evidently  be  use- 
less as  applied  to  a  mixture  as  a  whole, 
though  still  true  as  applied  to  each  of 
the  separate  homogeneous  substances 
■which  compose  the  mixture.  We  may 
notice  among  others  that  (31),  (51),  (60), 
(88)  and  (94)  are  useless  as  applied  to 
mixtures. 

40.    Latent   Heat   of   Evaporation. — 
Let  1= latent  heat  of  evaporation  per 
unit  of  weight  of  liquid  at  tem- 
perature t. 
Let  #=weight  of  the  vapor  contained 
in  a  unit  of  weight  of  the  mix- 
ture. 
.%  l—x= weight  of  the  liquid  in  a  unit 
of  the  mixture. 

~\dx/pt         \dx/pt  ' 
in  which  the  subscripts,  as  before,  denote 
the  constants. 

Let  v= volume  of  a  unit  of  weight  of 

the  mixture  at  temperature  t. 

Let  y'= volume  of  a  unit  of  liquid  at 

t. 
Let  v"= volume  of  a  unit  of  vapor  at  t. 
.-.  v={l-x)v'+xv"      .     .     (214) 
in  which  x  is  independent  of  t. 

'    .     .     .     .     (215) 


dx 


=v 


in  which  there  is  no  restriction  as  to 
temperature  or  pressure,  hence  (215)  is 
also  time  in  case  t  and  p  are  constant. 


-  -  ^  it  (IH  <216> 

.-.  by  (215),     („•-*')  (| 


de\    _l 


)/ 1 


(217) 


*  w  (S)  =(!)=!  •  w> 

in  case  of  a  mixture.  We  are  at  liberty 
to  remove  the  restriction  of  constant 
volume  from  this  last  differential  co-effi- 
cient, because  from  (211)  we  shall  obtain 
the  same  value  for  it  when  it  is  unre- 
stricted as  when  it  is  restricted. 

,-.  by  (217),   {v"-v')ft=l  .     .     (219) 

in  which  I  is  the  latent  heat  of  evapora- 
tion and  v" — v'  is  the  increase  of  volume 
of  a  unit  of  liquid   during  evaporation. 


Equation  (219)  is  of  great  importance  in 
the  discussion  of  mixtures,  and  in  it  the 

dp 
value  of  -~-  is  to  be  derived  from   (212) 
dt 

the  form  of  which  has  been  determined 
with  great  accuracy  by  the  experiments 
of  Regnault. 

As  a  result  of  these  experiments  it  ap- 
pears that  the  latent  heat  of  steam  may 
be  expressed  with  sufficient  accuracy  for 
practical  purposes  by  the  formula 

l=&-bt    ....     (220) 

which  may  be  used  where  convenience 
demands  it,  instead  of  the  exact  formula 
(219).    In  case  I  is  expressed  in  foot  lbs. 

a =1109550,     b  =  540.4. 

We  shall  now  obtain  another  equation 
involving  the  latent  heat  /,  and  the  spec- 
ific heats  of  the  liquid  and  its  vapor. 

Let  c'=the  specific  heat  of  the  liquid. ' 
Let  c"=the  specific  heat  of  the  vapor. 

Then,  by  (60),  the  increments  of  heat 
imparted  to  a  unit  of  the  liquid  and  a 
unit  of  its  vapor  are  respectively 

in  which  the  primes  refer  to  the  liquid 
and  the  seconds  to  its  vapor. 

During  the  evaiDoration  there  may  be, 
in  the  general  case,  also  a  change  of 
temperature,  hence,  the  total  increment 
of  heat  imparted  to  a  unit  of  the  mixture 
is  the  sum  of  the  increments  imparted  to 
the  liquid  and  vapor  respectively,  added 
to  the  latent  heat 

.-.  dh=e'(l— x)dt+>c"xdt+ldx (223) 

In  art.  14  it  is  shown  that  t~x  is  an  inte- 
grating of  every  value  of  dh  such  as  (223) 

dh  -i  r  ,  in  ,\  -,dt  Idx  ,„„., 
...  —  =  de=[e'  +  (cn —c')x]-  + —  ..  (224) 

is  an  exact  differential,  and  fulfills  the 
equation  of  condition  of  integrability? 
which  may  be  expressed  as  follows : — 

'-HL'-r-  <225> 

which  is  independent  of  x  and  is  the 
equation  involving  the  latent  and  specific 
heats. 


;'_  d  I  I  \ 
'~di\lr 
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It  is  known  that  c!  =  772  foot  lbs. 
nearly,  hence  by  obtaining1  the  terms  in 
the  last  member  of  (225)  from  the  ap- 
proximate equation  (220),  we  find  the 
following  approximate  value  of  the  spe- 
cific heat  of  saturated  steam,  per  degree 
F. 

„       ,      a      772*5-1109550 


c  =c  -  r= 


t 


(226) 


which  is  a  negative  quantity  at  all  press- 
ures under  a  point  somewhat  above  ten 
atmospheres. 

This  remarkable  result,  which  has 
important  practical  bearings,  may  be 
stated  thus:  When  saturated  steam  is 
compressed  adiabatically,  it  becomes 
superheated,  the  external  work  of  com- 
pression being  more  than  sufficient  to 
raise  its  temperature  to  the  point  of  sat- 
uration due  to  this  higher  pressure ;  but 
when  saturated  steam  expands  adiabati- 
cally, some  of  it  condenses,  the  external 
work  it  performs  being  more  than 
equivalent  to  the  heat  emitted  from  the 
steam  alone  during  its  decrease  in  tem- 
perature. 

The  specific  heat  of  certain  vapors,  as 
ether,  are  positive,  and  it  appears  prob- 
able that  there  is  a  temperature  for  each 
vapor  above  which  its  specific  heat  is 
positive  but  below  it  is  negative. 

41.  Entropy  Imparted  to  a  Mixture, 
etc — Eliminate  c"—c'  between  (224)  and 
(225) 

•••HI(9+7  }*+?*■  •  (227> 

.,  de=d(^j+c'(lL (228) 


■e=- 


+ 


/ 


,dt 


*i 


(229) 


which  is  the  general  expression  for  the 
entropy  imparted  to  a  unit  of  the  mixture 
in  order  to  carry  it  from  the  state  1  de- 
fined by  the  variables  tx  x%  to  the  state  2 
defined  by  the  variables  t^  sc2.  The  last 
term  of  (229)  cannot  be  integrated  until 
it  is  known  how  c',  the  specific  heat  of 
the  liquid,  is  related  to  these  variables.  In 
the  case  of  water  c'  is  so  nearly  constant 
that  the  result  obtained  by  so  regarding 
it  will  not  lead  to  sensible  error  in  prac- 
tice. 

%  .     .     (230) 


e-e=l4?-J-^  +  c'loge 


(.. 


is  sensibly  exact  for  a  mixture  of  water 
and  steam. 

The  last  term  in  (230)  being  the  integ- 
ral of  the  last  term  of  (229)  expresses 
the  entropy  which  would  be  imparted  to 
the  unit  of  water  in  raising  it  from  t  t  o 
ts,  or  which  would  be  given  out  by  the 
water  in  falling  from  t2  to  tx.  Hence 
we  may  consider  that  this  term  is  the 
entropy  of  the  sensible  heat  imparted 
which  causes  the  change  in  temperature, 
and  which  by  the  third  law  is  unaffected 
by  the  physical  condition  of  the  water. 

We  are  enabled  by  this  consideration 
to  find  the  entropy  which  must  be  im- 
parted to  a  mixture  of  steam  and  water 
in  contact  with  a  regenerator  or  in  con- 
tact with  any  metallic  conductor  which 
may  be  regarded  as  having,  by  reason  of 
this  contact,  the  same  temperature  at  all 
times  as  the  mixture.  Let  the  weight  of 
metal  in  contact  with  each  pound  of  mix- 
ture be  y,  and  its  specific  heat  be  cl5 

•••  e-.eJ^-lf  +  {c'  +  c1y)logIf  (231) 

is  the  entropy  imparted  to  the  mixture 
in  contact  with  the  metal. 

Any  equation  for  steam  and  water  can 
be  corrected  so  as  to  apply  to  the  same 
in  contact  with  metal  by  substituting 
c'  +  c^y  instead  of  c'. 

We  may  apply  (230)  to  various  special 
cases  of  expansion  as  follows  : 

1°.  During  isothermal  expansion  £2=£, 
—t  and  by  (219)  or  (220)  we  see  "that 
1=1=1 
.:hj{2dd),h-h=t(e,-e1)=l(x-x1).(2S2) 

is  the  total  heat  imparted  during  the 
isothermal  expansion  of  a  unit  of  mixture 
of  steam  and  water  between  the  states  1 
and  2. 

2°.  During  adiabatic  expansion  e9=e, 
=e,  and  if  the  state  2  is  any  state  on  the 
adiabatic  we  may  conveniently  omit  the 
subscripts  2, 


.te+C'ioge  i 


:0..(233) 


•••by  (230),  ~ 

is  the  equation  of  an  adiabatic  curve  for 
a  unit  of  mixture  of  water  and  steam,  in 
terms  of  the  variables  tx,  in  which  $aa5,.is 
one  point  of  the  adiabatic. 

3°.  During   expansion  of  the  mixture 
without     evaporation     or    condensation 
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.-.  by(230),e-e=^-^+c'lo8^ 

....  (234) 

is  the  entropy  imparted  along  this  curve 
of  no  evaporation  from  t^  to  t^. 

When  x=l,  (234)  refers  to  a  unit  of 
steam  which  is  saturated  and  dry,  and 
the  curve  expressing  its  successive  states 
may  be  called  the  saturation  curve. 

42.  External  Work  of  a  Mixture 
during    Expansion. — If    for    convenience 

we  let  v"-v'=u      .      .     .      (235) 

.       (236) 


M^m 


for  v'  may  be  taken  as  sensibly  constant 
in  case  of  water. 

:bj  (10),- =p-=p- 


clio     d(pux) 
Hi 


dt 


— ux 


dt 

dp 

dt 


(238) 
(239) 
(240) 


by  (236),-^=-^ . 

Either  (238),  (239)  or  (240)  may  be  inte- 
grated to  find  the  external  work. 

1°.  In  case  the  expansion  is  isother- 
mal, p  and  u  are  constant 

.-.  by  (238),  io2—io  =2m(x„-x1)  .  .  .  (241) 

2°.  In  case  the  expansion  is  adiabatic, 
we  have  by  (228) 


c'  +  t 


d  (Ix 


©--< 


4- 


d(lx) 


Ix 
"i 


.  (242) 


dt\t  I  dt 

.-.  by  (240),  dw=d(pux)-d(lx)~c'dt .  (243) 
.  \  to2  -  w1  =/>,«,«.  — p^sp,  -  l2x2 

+  'A-«,(*.-*J  •  •  •  (244) 
in  which  each  of  the  terms  in  the  last 
member  are  known  in  terms  of  t  and  t 
by  help  of  (212),  (220),  (233)  and  (236)/ 
3°.  Let  x  be  constant  during  the  ex- 
pansion, 

.-.  by  (240),  dw=x\d\_pu\ —  dt)  .   (245) 

.-.  by  (220),  dw=x\d\_pu]—  -dt  +  bdt) 

.     .     .     (246) 
r.wi-w=xypsu2-p1u1-a,loge++b[t,-t12) 

.    \     .  '  (247) 


from  which  we  obtain  the  work  along  the 
saturation  curve  by  making  x=l. 

43.  Internal  Energy  and  Total  Heat 
Imparted  to  a  Mixture. — 

By  (228),  dh=tde=c'dt  +  td(^-\  .   (248) 


Ix 

-.c'dt  +  d(Ix)- dt 

Ix 


(249) 


But  by  (236),  —  dt=uxdp=d(pux)-d(ux) 

.     .     .     (250) 
.-.  by  (237),     -dt  =  d{pux)-pdv  .  (251) 

.*.  by  (249),  dh=c'dt  +  d(lx)-d(pux)+pdv 

..."   (252) 

Either  (248),  (249)  or  (252)  maybe  in- 
tegrated to  obtain  the  total  heat  im- 
parted, which  can  also  be  found  from 
(223). 

Equation  (4)  may  be  written  by  (10) 
in  the  form  dh—di+pdv,  and  by  com- 
paring this  with  (252),  we  have 

di = c'dt  +  d(lx)  —  d(pux)    .     (253) 

•  '•  h  ~  *i = c'  & — K)  +  hx*  ~  hxi  ~P^X, 

+p1u1x1    .     .     .     (254) 

which  is  independent  of  the  kind  of  ex- 
pansion, as  it  should  be  by  art.  15. 

The  total  heat  imparted  is  to  be  ob- 
tained in  any  case  by  adding  (254)  to  the 
external  work  obtained  in  art.  42. 

The  total  heat  imparted  during  expan- 
pansion  along  a  curve  of  no  evaporation 
is  so  important  in  its  practical  bearings 
and  so  simple  in  its  expression  that  we 
shall  now  obtain  it.  In  this  case 
x^=x1=x.  Substitute  the  value  of  I 
taken  from  (220)  in  (248) 

.-.  dh=c'dt—a,x—  .     .     (255) 

...  h-h^cXt-t^-zxloge  lf  (256) 

from  which  by  making  7^— A,=0,  we  can 
find  the  value  of  x  such  that  no  heat  need 
be  supplied  in  order  that  x  may  have  the 
same  value  at  t1  as  at  £2. 

44.  Empirical  Formulae  eor  Steam. — 
It  appears  from  the  indicator  cards  of 
steam  engines  and  other  experiments  on 
the  expansion  of  steam  that  the  curves 
of  expansion  can  be  represented  with 
sufficient  exactness  for  practical  purposes 
by  an  equation  of  the  following  form: 

pvn=c    ....     (257) 
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which  has  the  form  previously  employed 
in  case  of  perfect  gases,  but  the  con- 
stants in  (257)  have  values  for  steam 
which  differ  from  those  of  perfect  gases. 
In  case  of  superheated  steam  it  has 
been  shown  by  experiment  that  even  to 
the  point  of  saturation. 

rc=A=1.3333      .     .     (258) 

is  a  close  approximation.  We  wish  to 
direct  especial  attention  to  this  import- 
ant experimental  result  since  it  has  been 
widely  misstated,  and  hence  shall  quote 
authority  for  it  at  some  length  by  trans- 
lating a  paragraph  found  on  p.  448  of 
Theorie  Meohanique  de  la  Chaleur,  par 
G.  Zeuner,  traduit  de  l'Allemand,  par 
Arnthal  et  Cazin,  Paris,  1869.  This 
paragraph  is  found  in  an  addition  made 
by  these  translators — "Zeuner  supposes, 
a  priori,  that  the  equation  of  the  adia- 
batic  curve  for  superheated  steam,  coin- 
cides with  that  of  gases ;  only  he  replaces 
the  constant  ?i=1.41,  which  applies  to 
gases  by  w=-|.  He  regards  this  hypoth- 
esis as  sufficiently  justified  by  the  exact- 
ness of  the  results  which  he  deduces 
from  it.  We  are  constrained  to  say  that 
it  agrees  sufficiently  well  with  the  recent 
experiments  which  M.  Hirn  has  made  in 
conjunction  with  one  of  us.*  Though 
our  experiments  have  not  shown  that  n 
is  rigorously  constant,  yet  the  numbers 
which  we  have  deduced  for  that  quantity 
vary  so  little  from  |-  that  Zeuner' s  con- 
stant is  acceptable  in  technical  applica- 
tions." 

Rankine  refers  to  the  same  experiments 
on  p.  320  of  his  Steam  Engine  as  author- 
ity for  ?i=1.3  for  steam  in  a  perfectly 
gaseous  state. 

McCulloch  on  p.  234  of  his  Treatise  on 
the  Mechanical  Theory  of  Heat  makes 
the  statement  that  n=^  for  saturated 
steam,  referring  to  the  same  experiments 
as  authority  for  the  statement,  which 
taken  in  connection  with  the  rest  of  the 
paragraph  has  been  taken  to  mean  that 
n=|-  for  a  mixture  of  steam  and  water 
during  adiabatic  expansion.  This  is  a 
mistake,  as  Zeuner  shows  on  p.  332  of 
the  book  above  referred  to,  that  we  are 
justified  in  taking  as  a  mean  value, 

rc=1.135  ....     (259) 
for  adiabatic  expansion  when  the  steam 

*  Mevioire  sur  la  detente  de  la  vupeur  d'eau  surchauffee, 
par  MM.  Hirn  et  Cazin.  {Annates  de  Chemie  et  de  Phys- 
ique, 4°  scrie,  tome  X). 


is  saturated  and  dry  at  the  beginning  of 
the  expansion  and  expands  within  the 
limits  usual  in  steam  engines. 

In  case  of  a  mixture  of  steam  and 
water,  Zeuner  further  shows  on  p.  335, 
that  for  adiabatic  expansion 

n=1.035  +  TV.:'',   ....   (260) 

in  which  xx  denotes,  as  previously,  the 
fraction  of  the  unit  of  mixture  which  at 
the  beginning  of  the  expansion  is  in  the 
form  of  steam. 

It  is  seen  that  (259)  is  a  case  of  (260). 
Rankine  was  the  first  who  proposed  the 
use  of  a  formula  of  the  form  of  (257), 
and  he  proposed  in  ordinary  practice  to 

let  rc=y =1.1111  ....    (261) 

by  comparing  which  with  (260)  it  will  be 
found  that  it  corresponds  to  the  case  in 
which  xL=%  nearly. 

Besides  adiabatic  expansion,  the  case 
most  necessary  to  treat  is  that  in  which 
the  steam  is  kept  saturated  and  dry. 
The  inrportance  of  this  case  arises  from 
the  fact  that  in  a  jacketed  steam  cylinder 
while  it  may  be  very  possible  to  supply 
heat  so  as  to  prevent  condensation 
during  the  stroke,  it  woidd  be  hardly 
possible  to  super-heat  the  steam  in 
course  of  the  stroke  owing  to  the  fact 
that  steam  is  a  poor  conductor  of  heat. 
Zeuner  shows  on  p.  301  of  the  book 
before  quoted  that 

n= 1.0646     ....     (262) 

in  case  the  steam  is  kept  saturated  and 
dry  during  expansion. 

Rankine  proposed  in  his  Steam  Engine 
for  expansion  in  jacketed  cylinders 

»-fi=1.0625    ....  (263) 

which  differs  little  from  (262). 

To  recapitulate  these  results  approx- 
imately, 

m=1.41=|,  for  adiabatic  of  perfect  gases. 
n=1.333=|,  for  adiabatic  of  steam  gases. 
?i  =  1.135=^,  for  adiabatic  of  wet  steam. 
n  — 1.0645=^-,   for   saturation  curve   of 

steam, 
?i=1.000  ,  for  isothermal  of  perfect 

gases. 

The  relation  between  these  curves  is 
shown  in  Fig.  6,  in  which  it  is  seen  that 
the  greater  the  value  of  n  the  steeper  the 
slope  of  the  curve.  The  curves  so  nearly 
coincide  when  drawn  to  scale  that  strict 
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accuracy  lias  not  been  sought  in  the  fig- 
ure. 

Suppose  for  example  that  a  volume 
of  dry  and  saturated  steam  repre- 
sented by  03  expands  adiabatically  in  a 
cylinder  to  6;  then  as  previously  stated 
in  art.  40,  part  of  it  is  condensed  during 
the  expansion.  This  fact  has  been  ob- 
served experimentally  by  Hirn,  and  is 
now  universally  admitted.  The  work 
performed  during  the  admission  of  steam 
from  the  boiler,  and  during  its  expansion 
is  represented  by  the  area  0367o.  If  the 
cylinder  should  be  employed  as  a  com- 
pressor, the  water  which  was  condensed 
during  expansion  would  be  re-evaporated 
during  the  compression  along  63,  and  the 
total  work  required  to  drive  the  steam 
into  the  boiler  is  also  represented  by  the 
area  0367o.  But  suppose  we  should, 
instead  of  driving  back  the  entire  mix- 
ture, separate  the  condensed  water  at  6 
from  the  steam,  and  drive  back  the  steam 
only.  Neglecting  the  volume  of  the  water 
so  separated,  the  steam  will  on  compress- 
ion become  superheated  (as  it  has  no 
water  to  re-evaporate),  and  will  be  com- 
pressed along  64,  so  that  the  work  to  be 
performed  in  forcing  it  back  into  the 
boiler  will  be  represented  by  0467o, 
which  is  an  amount  larger  than  was  per- 
formed during  the  admission  of  the 
steam  to  the  cylinder  and  during  its 
expansion. 

Certain  new  types  of  steam  engines 
have  been  recently  proposed  by  Prof. 
Thurston*  apparently  on  the  supposition 
that  the  second  law  of  thermodynamics 
does  not  apply  to  steam.  As  no  known 
facts  are  at  variance  with  this  law,  such 
a  supposition  is  inadmissible. 

In  particular,  it  was  contemplated  that 
one   of    these   types   of   steam    engines 


'  *  Journal  of  the  Franklin  Institute,  Vol.  104,  pp.  252, 
316,  3S9. 

Proceedings  of  the  Am.  Assoc.  Advance  Science,  1ST7, 
p.  S5. 

Hist,  of  the  Growth  of  the  Steam  Engine.  New  York, 
18  7S,  p.  4S4,  et  seq. 


should  have  essentially  the  cycle  above 
described,  the  proposer  quoting  certain 
authorities  to  show  that  the  curve  64  lies 
on  the  other  side  of  63  from  that  shown 
in  Fig.  6. 

If  it  is  possible  to  accomplish  the  re- 
sult proposed  in  these  engines,  then  the 
second  law,  which  is  apparently  well 
grounded,  is  not  tenable,  and  we  must 
not  only  set  aside  the  results  of  that 
most  accurate  of  modern  experimental- 
ists, Regnault,  as  untrustworthy,  but 
we  must  also  regard  all  who  have  made 
experiments  upon  the  specific  heat  of 
steam  as  having  arrived  at  erroneous  re- 
sults. 

45.  Adiabatics  for  Steam.  —  These 
curves  are  given  by  (233),  or  by  (257)  and 
(260),  but  these  equations  are  somewhat 
complex  for  practical  purrioses.  A  prac- 
tical simplification  has  been  effected 
which,  together  with  other  matters  of 
importance,  will  now  be  detailed. 

Suppose  that  the  three  adiabatics  be 
drawn  for  a  unit  of  mixed  steam  and 
water  starting  from  the  temperature  tlt 
in  which  a;,,  «/,  x"  are  fractions  express- 
ing the  initial  proportions  of  steam  in 
the  three  cases.     Then  by  (233), 


Ix 

1' 

lx' 


to 
t. 


■C  loge  £± 


t  t,  S     t 

(jtK/  VtAJ  .  -  C  - 


■X' 


(264) 


(265) 


which  is  a  relation  between  any  three 
adiabatics.  In  order  to  render  this  of 
practical  use,  let  x'=0,  in  which  case 
the  mixture  initially  contains  no  stream, 
and  the  adiabatic  sensibly  coincides  with 
the  axis  of  no  volume;  also  let  sc/=l,  in 
which  case  the  adiabatic  is  that  of  steam 
initially  saturated  and  dry  (259), 


Now  by  (214),  v=w+.ux 
V  =10  +  tix' 
v"=io+ux" 


•••   by  (266), 


v  —  v 


-X. 


.  (266) 
.  (267) 
.     (268) 


v—v 
in  which  w  is  the  volume  of  a  unit  o± 
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water,  v,  v'  v"  are  the  volumes  of  the  re- 
spective mixtures  at  any  given  tempera- 
ture t,  or  what  by  (212)  is  the  same 
thing  at  any  given  pressure  p.  Hence 
to  construct  the  acliabatic  corresponding 
to  any  initial  value  of  xx :  Suppose,  as 
in  Fig.  6,  that  the  acliabatic  396  for 
steam  initially  saturated  and  dry  has 
been  constructed,  as  also  the  acliabatic 
for  water,  which  may  be  taken  as  approxi- 
mately vertical,  then  by  (268),  we  have 
approximately, 

v=xlv" ....     (269) 

In-  Fig.  6  the  acliabatic  3'9'6'  is  drawn 
for  the  case  in  which  x^^. 

The  same  relation  holds  between  the 
various  curves  of  no  evaporation,  as 
appears  by  combining  equations  (267) 
together;  so  that  to  obtain  the  curve  for 
which  x  has  a  given  value,  it  is  only  nec- 
essary to  draw  that  for  which  cc"=l,  as 
obtained  by  (262),  and  then  subdivide 
the  abscissas  in  the  manner  expressed  by 
(269). 

46.  Work  of  Expansion  of  Steam. — 
This  can  be  found  for  the  different  cases 
by  art.  42,  but  the  convenience  of  the 
empirical  formulae  (257),  etc.,  in  art.  44, 
have  led  to  the  frequent  use  of  expres- 
sions for  the  work  derived  from  them. 

By  (10)  and  (257),  dw=pdv=cv~ndv 

....     (270) 

(vi1-n—v11-n) 


W„  — 10,  = 


1 — n 


pgjl—r) 
'     n-1 


■  (271) 


in  which  by  (186)  v21~n=rv11~il. 

"When,  however,  n=l,  the  curve  is  a 
rectangular  hyperbola,  and  we  have  from 
(270) 

w,—wi=Pivfl  log-2  •     .     .     (272) 

The  work  performed  along  the  different 
curves  does  not  differ  greatly,  arid  hence 
(272)  is  frequently  used  for  computing 
the  external  work,  especially  any  leakage 
through  the  valves  causes  this  result  to 
be  more  nearly  correct. 

The  total  heat  supplied  along  these 
different  empirical  curves  is,  however, 
quite  different,  and  it  cannot  be  com- 
puted from  the  curves  as  they  appear  on 
the  indicator  card. 


47.  Adiabatic 
and  Water. — 


Flow  of  Mixed    Steam 


By  (10)  dw=pdv=d(pv)—vdp  ...  (273 y 
.-.  by  (131),  d(£}  =  -vdp=dw-d(pv 


by  (243),  d(^-)=d{pux)-d{lx) 


(274) 


c'dt-d(jw)  ...  (275) 

Integrate  between  the  states  1  and  2. 
and  reduce  by  the  following  equations 
derived  from  (214) 


*9 


=c'{t-t,)+l1x-lixs+v'(p-p2) 

....  (276) 
which  result  after  neglecting  the  term 
v\pl—p>^)  can   be  still  further  reduced, 

for  by  (233),  l2x-^x-c't2  log  [ 

"1(277) 


t. 


=  {c'+l^)(t-Q  +  c'tM 


(278) 

which  is  the  fundamental  equation  of 
acliabatic  flow  for  the  mixture. 

In  case  £^=0  we  have  the  expression 
for  the  flow  of  water  from  a  boiler,  in 
which  case  ^=212°  F,  and  the  term 
v'{2)i~Pi)  mtls^  n°t  t>e  neglected,  as  it 
must  not  be  whenever  x1  is  small. 

In  order  to  determine  the  state  of 
steam  after  efflux  we  must  find  the  total 
increment  of  internal  energy  after  the 
energy  of  motion  has  been  transformed 
into  heat,  which  may  be  done  in  several 
ways,  but  most  readily  from  the  consider- 
ation that  since  no  heat  is  received  dur- 
ing efflux, 

di  +  div  +  vdp=0  .  .  .  (279) 
.-.  by  (273),  di+d(pv)=0.  .  .  (280) 
But,  v  =  v'  +  ux  .:  d(pv)=d(pitx)  (2S1) 
.-.  by  (253)  and  (280),  c'dt+ d{lx)  =0  (282) 

dl         ,  dx 
.:  c'  +  x^r  =  —l-T-  .     .     . 
dt  dt 

.:   by  (220),    772  +  540.1'=-/^-.     (284) 

from  which  it  appears  by  (220).  that  as 
the  temperature  decreases  evaporation 
occurs,  i.e.  that  when  dt  is  negative  dx 
must  be  positive. 

Equations  (279)  to  (280)  are  the  equa- 
tions of  the  isodynamic  curves  of  steam. 
Zeuner  states  that  the  isodvnamic  curves 


(2S3) 
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of  wet  steam  are  represented  by  (257) 
■when 

n=lM56  ....     (285) 

Him  deduces  from  his  experiments 
that  in  case  of  superheated  steam  n=l. 
A  comparison  of  these  curves  with  the 
curves  of  no  evaporation  and  saturation 
curves  shows  that  the  result  deduced 
from  (284)  is  correct,  and  that  in  case 
the  steam  is  saturated  before  efflux  it  is 
superheated  after  efflux,  although  it  is 
not  so  within  the  orifice,  before  its  energy 
of  motion  has  been  transformed  into 
heat.  This  result  can  be  observed,  as  a 
conical  surface  separating  the  cloudy 
(wet)  steam  from  the  transparent  (super- 
heated) steam  can  be  seen  at  an  orifice 
when  steam  is  discharged  at  a  high  initial 
pressure. 

48.  Steam  Injectors  and  Ejectors. — A 
steam  injector  consists  essentially  of  a 
condensation  chamber  into  which  flows 
a  jet  of  steam  and  also  a  supply  of  water, 
and  out  of  which  flows  a  jet  of  water. 

Let  the  steam  jet  flow  from  a  boiler  in 
which  the  state  is  denoted  by  subscript 
1.  Let  the  state  of  the  water  at  its 
entrance  into  the  chamber  be  denoted 
by  the  subscript  0,  and  let  2  denote  the 
state  of  the  jet  of  water  flowing  from 
the  chamber.  The  velocity  of  the  water 
flowing  into  the  chamber  may  be  neg- 
lected, and  its  pressure  p0  should  be 
computed  by  taking  the  algebraic  sum  of 
the  atmospheric  pressure  and  the  press- 
ure due  to  the  head  of  the  reservoir  from 
which  the  supply  comes,  above  or  below 
the  chamber.  ~  > 

Consider  first  the  jet  of  wet  steam  sup- 
plied by  the  boiler,  which  is  condensed 
in  the  chamber  and  flows  out  in  the  jet 
of  water.  If  v  is  the  velocity  of  jet  of 
water,  then  the  total  energy  lost,  per  unit 
of  steam  supplied,  in  its  passage  through 
the  chamber  is  evidently 

i-h+Pf>-PJ>-- \       ■     (286) 

for  the  steam  carries  with  it  into  the 
chamber  its  initial  internal  energy  ?'l5  and 
the  external  work  p 1 v ,,  which  is  expended 
upon  by  the  boiler  in  forcing  it  into  the 
chamber,  and  in  going  out  of  the 
chamber  it  carries  out  internal  energy  \ 
and  does  external  work p2v2,  besides  its 
energy  of  motion  due  to  the  velocity  v. 
The  loss  of  energy  expressed  by  (286)  is 
that  imparted  to  the  water  it  meets  in 


the  chamber.  The  energy  gained,  by 
each  unit  of  the  water  supplied,  between 
its  entrance  into  the  chamber  and  its 
efflux  from  the  chamber  is  expressed 
similarly  by 

v3 
*.-*.+*V.-iV.-5T       •     (287> 

Now  suppose  that  each  unit  of  water 
flowing  out  of  the  chamber  is  composed 
of  a  fraction  of  a  unit  y  which  came  from 
the  boiler,  and  the  rest  of  the  unit  1— y, 
which  came  from  the  reservoir.  Hence 
(286)  multiplied  by  y  and  added  to  (2S7) 
multiplied  by  1— y  is  equal  to  the  total 
heat  per  unit  of  efflux  of  water  imparted 
to  or  taken  from  the  chamber  by  conduc- 
tion or  otherwise  than  through  the  water 
and  steam.  This  under  ordinary  circum- 
stances may  be  taken  as  zero, 


fy 


=y(h-ioJ-Pivi-p»va) 


(i-i0+p2v-pBv0)  .  (288) 


By  (254),  i-i0=c,{t1- 


(289) 


forcc0=0;  and  similarly  in  i2—i0,     ^2=0, 

-c'(t-t0)  +  (p-Po)v'  .  (290) 

This  is  the  fundamental  equation  of 
the  injector,  and  in  it  all  the  quantities 
except  v,  y  and  t2  may  be  considered  to 
be  fixed  in  any  given  case  by  circum- 
stances over  which  we  have  no  immediate 
control.  Indeed  t2  is  also  partially  inde- 
pendent of  control  for  the  injector  will 
not  work,  i.e.  complete  condensation  will 
not  take  place,  if  t2  is  near  boiling  point 
at  the  pressure  inside  the  chamber.  But 
over  y  it  would  at  first  appear  that  we 
have  complete  control,  for  the  propor- 
tions of  steam  and  water  can  be  regu- 
lated by  suitable  cocks,  but  such  is  not 
in  reality  the  case,  for  by  sufficiently  in- 
creasing y,  t2  will  be  increased  beyond 
the  boiling  point  within  the  chamber.  It 
then  appears  that  t2  is  dependent  on  y. 

Were  it  possible  to  find  what  function 
t„  is  of  y,  we  shoidd  be  able  to  determine 
what  value  of  y  would,  in  any  given  case, 
give  a  maximum  value  to  v.  But  it  is 
evident  that  it  is  impossible  to  find  out 
what  this  function  is  in  general,  because 
it  depends  upon  the  construction,  ar- 
rangement, relative  size  and  position 
of  the  tubes  conveying  steam  and  water. 
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It  would  seem  possible  to  solve  the  prob- 
lem in  the  case  when  the  greatest  veloc- 
ity is  given  to  the  water  which  can  theo- 
retically be  communicated  to  it,  but  the 
solution  would  be  of  no  practical  import- 
ance in  case  the  injector  is  employed,  as 
it. usually  is,  to  supply  the  feed  water  to 
a  steam  boiler.  For  in  this  case  all  of 
the  energy  which  is  drawn  from  the 
boiler  in  order  to  work  the  injector  is 
restored  again  to  the  boiler  in  the  inter- 
nal energy  of  heat  and  motion  of  the 
feed  water,  except  that  expended  in  rais- 
ing the  feed  water  from  the  level  of  the 
reservoir  to  that  of  the  boiler,  as  is  evi- 
dent from  the  fact  that  no  energy  has 
been  expended  except  upon  the  feed 
water.  Hence  it  is  of  no  consequence 
how  much  steam  is  used  in  driving  the 
injector  since  it  all  returns  to  the  boiler. 
It  thus  appears  that  a  boiler  injector  is  a 
machine  whose  efficiency  is  unity,  and 
hence  it  is  impossible  that  any  other  ap- 
paratus can  work  more  efficiently.  If, 
however,  the  injector  be  used  simply  as 
a  pump  for  raising  water  from  one  level 
to  another,  it  is  a  matter  of  prime  im- 
portance to  investigate  the  relation  of  £2 
to  y,  for  in  this  case  the  energy  expended 
in  heating  the  water  is  lost,  and  the  effi- 
ciency depends  upon  the  energy  of  mo- 
tion communicated  to  the  water.  In  any 
case  (290)  enables  us  to  compute  the 
energy  of  motion  imparted  to  the  water 
when  we  have  observed  t2  the  tempera- 
ture of  the  effluent  water. 

The  action  of  the  steam  injector  is 
more  prompt  and  energetic  when  the 
temperatures  t0  and  t2  are  sufficiently  low 
to  insure  rapid  condensation. 

To  determine  the  limiting  value  of  i2, 
above  which  it  is  impossible  for  the  in- 
jector to  work,  we  must  find  the  tem- 
perature t'  of  saturated  steam  at  the 
pressure  pa,  which  is  the  hydrostatic 
pressure  within  the  condensation  cham- 
ber, .-.  t2<.t'.  In  practice  it  is  found 
that  ^.musfc  be  from  12°  to  20°  F.  below 
i'  in  order  to  insure  a  sufficiently  rapid 
condensation. 

The  efficiency  of  the  pumps  which 
have  thus  far  been  constructed  on  the 
principle  of  the  injector  has  been  small, 
but  there  is  another  way  in  which  this 
apparatus  is  employed,  viz:  as  an  ejector 
condenser  for  condensing  engines  in 
which  the  results  obtained .  are  more 
remarkable  than  when  employed  as  an 


injector.  The  ejector  condenser  forces 
the  water  of  condensation  to  heights  due 
to  the  difference  between  atmospheric 
pressure  and  the  vacuum  in  the  con- 
denser, and  also  ejects  the  whole  volume 
of  condensing  and  condensed  water 
against  atmospheric  pressure,  out  of  the 
necessarily  rejected  heat  of  the  steam. 

This  is  the  total  work  ordinarily  per- 
formed in  working  the  pump  to  supply 
the  water  of  condensation,  and  in  work- 
ing the  air  pump  to  preserve  the  vacuum. 
The  whole  of  this  work  is  performed  by 
the  ejector  condenser  without  expendi- 
ture of  useful  energy  by  the  engine.  In 
other  words  the  ejector  converts  a  high 
pressure  engine  into  a  condensing  en- 
gine without  drawback,  thereby  increas- 
ing the  efficiency  of  the  engine  through 
changing  at  once  the  temperature  of  its 
refrigerator  from  212°  to  175°  or  possibly 
to  150°  F.  Such  a  diminution  of  the 
temperature  of  the  refrigerator  adds 
notably  to  the  efficiency  of  the  engine  as 
appears  from  the  concluding  paragraph 
of  art.  19.  As  at  present  constructed,  the 
energy  due  to  the  velocity  with  which 
the  water  reaches  the  ejector  should  not 
be  neglected,  and  can  be  introduced  into 
the  preceding  formulae  by  introducing 
into  (287),  etc.,  instead  of  ig  the  expres- 
sion 


.      v ' 

K+fg 


(291) 


in  which  vu  is  the  velocity  of-  approach. 


Two  Pennsylvania  gentlemen  have  re- 
turned from  China,  whither  they  went 
about  a  year  ago  to  examine,  for  the' 
Chinese  Government,  the  oil  grounds  of 
the  Island  of  Formosa,  They  report 
that  a  well  was  drilled  through  soapstone 
396  feet ;  then  136  feet  of  drill  pipe  were 
put  in  and  265  feet  of  casing.  Xo  more 
casine-  could  be  o-ot  in  owino-  to  the  cav- 

O  O  O 

ing  in  of  the  rock.  At  318  feet  depth  a 
large  vein  of  salt  water  was  struck. 
and  it  was  found  impossible  to  go  more 
than  18  feet  deeper.  Fifty  barrels 
of  oil,  says  the  /Scientific  American. 
were  pumped  in  ten  days.  The  oil  is 
very  light  in  color  and  gravity,  and  was 
burned  in  lamps  without  refining.  The. 
property  belongs  to  the  Chinese  Govern- 
ment. 
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THE  TURBINE-WHEEL  DISCUSSION. 

A  REVIEW  OF  THE  REPLY  OF  PROFESSOR  TROWBRIDGE. 

By  Prof.  WM.  H.  BURR. 

Written  for  Van  Nostrand's  Engineering  Magazine. 


As  Professor  Trowbridge  refrains  from 
giving  any  detailed  proof  regarding  the 
main  points  of  this  discussion,  he  leaves 
them  in  essentially  the  same  positions  in 
which  my  April  article  placed  them. 
Proof  of  a  little  more  analytical  charac- 
ter of  what  was  therein  shown  will, 
however,  be  given  in  this  article.  Two 
or  three  points,. also,  of  his  last  commun- 
ication will  be  examined. 

The  superabundance  of  his  general 
assertions  can  only,  and  simply,  be  met 
by  other  assertions  equally  general, 
equally  futile,  and,  consequently,  equally 
valueless. 

Such  assertions,  therefore,  are  entitled 
to  no  consideration  and  will  receive  none. 

He  seems  to  the  writer  to  raise  a 
cloud  of  "confusion"  with  no  apparent 
object,  unless,  perhaps,  the  purpose  of 
discreetly  taking  refuge  within  it. 

In  view  of  the  different  statements  in 
the  two  articles  of  Professor  Trowbridge, 
it  becomes  a  matter  of  no  little  interest 
to  determine  just  what  that  is  to  which 
he  objects,  in  "the  theoretical  investiga- 
tions of  the  turbine  wheel,  as  given  by 
Bankine,  Weisbach,  Bresse  and  others." 

In  his  March  article  occurs  the  follow- 
ing paragraph: — 

"The  theorem  or  axiom  insisted  upon 
by  these  writers  was  that  the  'water  must 
enter  the  wheel  without  shock,  and  hence, 
i  the  mathematical  condition  that  the  tan- 
gential velocity  of  the  wheel,  where  it 
receives  the  water,  and  the  corresponding 
component  of  the  velocity  of  the  entering 
water  must  be  equal,  the  effect  of  which 
is  to  prevent  all  impulsive  effects  of  the 
entering  water." 

Does  Professor  Trowbridge  mean  by 
"corresponding  component"  a  rectangu- 
lar or  oblique  component  ?  If  he  means 
the  former  then,  truly,  all  impulsive 
effects  of  the  entering  water  are  pre- 
vented. But  neither  Weiskbach  nor 
Bresse  even  state  that  the  rectangular 
component  of  the  entering  water,  tan- 
gent to  the  wheel  circumference,  must  be 
equal  to  the  tangential  velocity  of  the 


wheel ;  it  is  an  oblique  component  which 
they  make  equal  to  that  velocity. 

So  far  as  the  formulae  of  those  writers 
are  concerned  the  rectangular  component 
of  the  entering  water,  tangent  to  the 
wheel  circumference  may  be  greater 
than,  equal  to,  or  less  than,  the  tangen- 
tial velocity  of  the  wheel ;  and  in  the  first 
of  these  three  cases  an  impulsive  effect 
of  the  water  will  be  assured. 

The  objections  of  Professor  Trowbridge 
do  not,  therefore,  hold  if  his  "  corre- 
sponding component  "  means  "  rectangu- 
lar component." 

It  may  be  supposed,  therefore,  that  he 
objects  to  the  oblique  tangential  com- 
ponent being  made  equal  to  the  tangen- 
tial velocity  of  the  wheel.  But  these 
authors  advise  and  "  insist  upon  "  this 
equality  (without  in  any  way  affecting 
their  formulae  for  best  velocity  and  effi- 
ciency), in  order  that  the  water  may  en- 
ter the  wheel  tangentially  to  the  bucket, 
and  thus  avoid  the  loss  of  energy  due  to 
what  they  call  "shock,"  i.e.,  impact  of 
water  in  water. 

It  is  important  to  notice  in  passing 
that  this  elimination  of  "  shock "  does 
not  prevent  "  impulsive  action "  of  the 
water. 

From  the  paragraph  quoted  above  it 
is  seen  that  Professor  Trowbridge  ob- 
jects to  the  "theorem  or  axiom "  that 
"water  must  enter  the  wheel  without 
shock.'"  This  taken  in  connection  with 
what  was  said  above  in  reference  to  the 
"  oblique  component,"  forces  on  to  the 
conclusion  that  he  objects  to  the  water 
entering  the  wheel  tangentially  to  the 
bucket.  On  the  first  page  of  his  May 
article,  however,  he  says:  "I  do  not 
'object'  to  the  authors  named  insisting 
on  the  principle  that  the  water  must 
enter  the  wheel  without  '  shock.'  " 

Consequently  he  does  not,  after  all, 
object  to  the  water  entering  along  the 
bucket,  and  therefore  to  the  equality  of 
the  oblique  tangential  component  and 
tangential  wheel  velocity. 
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What  then  does  the  quoted  paragraph 
mean,  if  it  means  anything  ? 

It  is  idle  for  him  to  make  reference  to 
the  "  reaction  wheel,"  for  it  was  shown 
above  in  a  general  way,  and  will  be 
shown  in  detail  hereafter,  that  impulsive 
action  of  the  water  is  not  prevented  by 
such  a  condition  of  entrance. 

In  fact  as  a  general  principle  the  great- 
est impulsive  effect  will  be  obtained, 
other  things  being  equal,  by  Avater  pass- 
ing on  the  surface,  against  which  it  im- 
pinges, in  a  tangential  direction  ;  since 
in  that  case  all  loss  in  eddies  caused  by 
impact  of  water  in  water  will  be  avoided. 
This  difference  does  not  appear  in  the 
ordinary  formulae,  simply  because  the 
loss  spoken  of  is  omitted  in  them. 

Since,  therefore,  Weisbach  and  Bresse 
do  not  in  any  way  suppose  the  rectangu- 
lar component  of  the  velocity  of  the 
entering  water  to  be  equal  to  the  tan- 
gential velocity  of  the  wheel  at  the  same 
j>oint,  and  since  in  his  May  article  Prof. 
Trowbridge  states  that  he  does  not  ob- 
ject to  the  water  entering  tangentially 
to  the  bucket,  his  objections  against 
those  authors  are  contradictory  and 
futile. 

He  admits  that  there  can  be  no  objec- 
tion against  Rankine  on  the  basis  of  what 
he  does  in  reference  to  the  oblique  com- 
ponent of  the  entering  water,  or  the 
bucket,  for  he  (Rankine)  deliberately  ig- 
nores the  whole  of  the  bucket  or  blade, 
except  that  part  of  it  which  gives  direction 
to  the  effluent  water,  and  he  thereby  ad- 
mits all  I  claimed  for  Rankine' s  formulae. 
I  simply  held  the  point  that  (omitting  all 
loss  caused  by  eddies  consequent  upon 
impact  of  water  in  water,  or  shock)  the 
formulae  of  Rankine,  as  well  as  those  of 
"Weisbach  and  Bresse,  are  not  dependent 
on  the  angle  at  which  the  bucket  cuts  the 
wheel  circumference  at  the  point  of  en- 
trance. 

I  used  the  word  "  shock  "  in  the  same 
sfense  in  which  Bresse  and  Weisbach  use 
it  in  the  same  connection,  i.e.,  as  indicat- 
ing the  violent  disturbance  manifested 
by  eddies,-  and  not  as  indicating  impuls- 
ive effect  of  the  water.  The  two  things 
are  very  different. 

In  order,  however,  to  avoid  all  son- 
fusion  on  this  point,  the  word  "shock" 
will  be  used  not  to  indicate  impulsive 
effect,  but,  as  heretofore,  to  indicate  that 


"violent  disturbance,"  as  Bresse  calls  it, 
in  which  energy  is  lost  by  eddies,  &c. 

I  readily  agree  with  Prof.  Trowbridge 
that  it  is  necessary  for  Rankine  to  make 
v=ar  in  order  to  get  the  greatest  effi- 
ciency from  his  formula;  when  friction  is 
neglected.  His  method  of  investigation 
(which  is  considerably  different  from  that 
of  Weisbach  and  Bresse)  renders  such  a 
substitution  necessary. 

But  Professor  Trowbridge  has  neg- 
lected to  follow  Rankine  a  little  farther. 
In  Art.  177  of  his  "Steam  Engine,"  Ran- 
kine discusses  the  "efficiency  of  turbines, 
allowing  for  friction."  He  goes  back, 
for  the  outward  flow  turbine,  to  the 
general  expression  for  efficiency  in  Art. 
174,  introduces  a  proper  term  for  the 
friction  and  then  writes  the  whole   ex- 


pression in  terms  of  z- 


in  which 


A,  is  the  total  head.  He  then  proceeds 
by  the  ordinary  methods  of  the  calculus 
to  determine  what  value  of  z  will  make 
the  expression  for  the  efficiency  a  maxi- 
mum. He  does  not  do  it  by  making 
v  =  ar,  but  in  speaking  of  friction,  states, 
"this  cause  of  loss  of  work  not  only 
diminishes  the  efficiency  of  the  turbine, 
but  diminishes  very  considerably  the 
speed  of  greatest  efficiency."  The  italics 
are  my  own. 

Taking  Professor  Trowbridge,  there- 
fore, on  his  own  ground,  it  is  seen  that 
his  objections  against  Rankine' s  general 
formula  for  included  friction  for  outward 
flow  turbines  do  not  exist. 

Omitting  friction,  Rankine's  general 
value  of  best  efficiency  takes  either  one 
of  the  following-  forms: — 


6  = 


2 


2 


2  +  n2  tan"p'     0  t       tan'c 


...   (1) 


a  is  the  angle  at  which  the  guides  cut 
the  wheel  circumference  at  the  point  of 
entrance  into  it,  and  /i  is  the  angle  at 
which  the  buckets  cut  the  wheel  circum- 
ference at  the  point  of  exit  from  it.  If  fi 
is  zero,  the  efficiency  is  unity;  as  with 
the  formula  of  Prof.  Trowbridge.  Eq.^1) 
will  be  used  hereafter. 

There  are  two  methods  of  showing  in 
detail  that  the  formula1  of  Weisbach  and 
Bresse  do  not  depend  upon  the  angle  at 
which  the  bucket  cuts  the  wheel  circum- 
ference at  the  point  of  entrance. 
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Proceeding  with  Rankine,  all  of  the 
bucket  except  that  part  which  gives 
direction  to  the  effluent  water  may  be 
ignored,  or  omitted  entirely  from  con- 
sideration. Or  the  angle  at  which  the 
bucket  cuts  the  wheel  circumference  at 
the  point  of  entrance  may  be  given  a 
different  value  from  any  that  can  possi- 
bly enter  the  desired  formulee. 

The  first  method  will  be  used  with  the 
equations  of  Bresse  and  the  second  with 
those  of  "Weisbach. 

Before  proceeding  with  Bresse's  for- 
mulae there  is  one  point  to  be  noticed. 

In  his  May  article,  page  373,  Professor 
Trowbridge  states  that  his  Fig.  1  (given 
in  that  page)  is  copied  from  Mahan's 
translation  of  Bresse ;  but  it  differs  from 
that  figure  in  one  particular  very  import- 
ant to  this  discussion.  In  his  Fig.  1, 
which  he  states  he  copied,  the  angle 
between  w  and  u  is  90°,  while  in  Mahan's 
Bresse  (edition  of  1869)  that  angle  is 
about  101°,  as  nearly  as  can  be  meas- 
ured. The  importance  of  this  point  will 
be  at  once  perceived,  if  it  be  remembered 
that  Professor  Trowbridge  is  endeavor- 
ing to  show  that  the  rectangular  com- 
ponent of  the  entering  velocity  of  the 
water  is  equal  to  the  tangential  velocity 
of  the  wheel,  although  Bresse  lays  down 
no  such  condition.  Consequently  the 
changed  figure  would  apparently  make 
Bresse  indicate,  through  it,  that  which 
Professor  Trowbridge,  only,  holds. 

The  true  figure  is  the  Fig.  1  of  this 
article,  with  this  exception:  the  end  only 
of  the  bucket  which  directs  the  effluent 
water  is  retained ;  the  rest  of  it  is  omit- 
ted. 


v>=2g  (h  +  A+^-t^)     ...     (2) 


The  notation  of  Bresse  will  be  used  as 
seen  in  the  figure.  It  is  unnecessary  to 
explain  it  here.  As  distinctly  stated  by 
Bresse,  all  losses  of  head  are  neglected 
except  that  due  to  the  final  absolute  ve- 
locity v'. 

The  two  following  equations  may  then 
be  written : 


2g(h'+P—^)+u»-u'   . 


(3) 


The  velocity  w  is  simply  the  velocity 
relative  to  the  wheel  at  point  of  entrance 
into  it.  It's  magnitude  and  directions 
depend  entirely  upon  the  relative  propor- 
tions and  directions  of  u  and  v,  or,  in 
other  words,  upon  u,  v  and  fd,  and  noth- 
ing else.  In  the  figure  6  is  simply  the 
angle  which  w  makes  with  a  tangent  at 
B.  Having  thus  determined  w,  w'  is  at 
once  known  in  magnitude  from  (3).  As 
is    well    known,    the    "fictitious"   head 

-is    entirely    independent    of    the 


2<7 

path  described  and  dependent  only  upon 
the  angular  velocity  and  distances  from 
the  center.  It  is  to  be  noticed  that, 
thus  far,  to'  is  only  given  in  magnitude  ; 
its  direction  is  known  as  soon  as  y  is 
given ;  its  magnitude  does  not  in  any 
way  depend  upon  that  angle. 

A  simple  law  of  hydrostatics  gives — 


7t  7T 

The  law  of  continuity  gives — 
brv  sin  )3=b'r'w'  sin  y  . 

The  triangle  in  the  figure  gives- 
10*  —  u2  +  y 2  —  2  uv  cos  fi     : 
vn  =  u1  +  to'1  —  2  u'w'  cos  y 


Also  evidently- 


(4) 

(5) 

(6) 
(7) 

u'r=ur      ......     (8) 

Eq.  (6)  might  have  been  written  im- 
mediately after  eq.  (2)  but  they  are  taken 
in  the  same  order  with  Bresse.     By  sup- 
posing the  angle  y  small  Bresse  writes : 
u'—w'     .     .     .     .     (9) 

It  is  now  important  to  notice  that  the 
equations  (2)  to  (9),  inclusive,  have  been 
determined  without  any  regard  to  the 
bucket  at  B  in  Fig.  1;  after  having 
omitted  the  consideration  of  all  resist- 
ances, they  are  in  no  sense  dependent 
upon  it.  They  hold  whether  that  part  of 
the  bucket  exists  or  not. 

Now,  the  equations  (2)  to  (9)  are  the 
only  ones  which  Bresse  uses  in  deter- 
mining y'2. 

There  is  no  necessity  of  here  following 
through  the  operations  by  which  he  ob- 
tains that  quantity ;  he  simply  combines 
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eqs.  (2)  to  (9)  and  no  other.  Any  one 
can  verify  this  statement  by  turning  to 
pages  85  and  86  of  Mahon's  Bresse.  By 
the  mentioned  combination  Bresse  ob- 
tains— 

v^=2gB.~-UJ  (1^-cobv)     .     (10) 
J     V  sm  y 

He  then  goes  on  to  treat  of  some  other 
matters,  after  which,  page  89,  he  says : 

"Again  it  might  be  proposed,  for  a 
turbine  known  to  be  working  with  a 
maximum  effective  delivery,  to  seek  this 
delivery  as  well  as  the  dynamic  effect. 
As  we  are  supposing  that  all  losses  of 
head,  other  than  that  due  to  the  velocity 
of  exit  v',  may  be  disregarded,  the  head 
that  is  turned  to  account  will  be 


H- 


fy 


and  consequently  the   productive   force 
j.i  will  be  expressed  by 

"=1"|h"  ■    •    •    01) 

It  is  seen  therefore  that  //,  or  the  effi- 
ciency, in  eq.  (11)  is  written  by  Bresse 
at  once ;  without  any  regard  to  any  pre- 
ceding equation  whatever.  Hence  it 
•does  not  depend  upon  the  angle  at  which 
the  bucket  cuts  the  circumference  at  the 
point  of  entrance  into  it,  directly  or  in- 
directly, implicitly  or  explicitly,  or  in  any 
other  manner  known  to  the  human  under- 
standing. Whenever,  therefore,  Prof. 
Trowbridge  states  that  it  is  so  dependent, 
he  is  simply  in  error.  He  is  also  in  error 
when  he  states  in  his  last  article,  page 
374,  that  to  depends  on  the  bucket  angle 
at  B,  Fig.  1.  For  eq.  (6)  shows  that  to 
depends  only  on  u,  v  and  ft,  and  that 
bucket  angle  may  have  any  value  what- 
ever (or  that  part  of  the  bucket  may  not 
exist  at  all,  so  far  as  the  equations  are 
concerned)  while  those  quantities  remain 
the  same,  w  is,  therefore,  entirely  inde- 
pendent of  the  angle  in  question. 

Now  it  has  been  assumed  that  there  is 
no  loss  of  energy  by  "  shock,"  but  such 
a  loss  would  exist  if  the  buckets,  at  the 
point  of  entrance,  made  an  angle  different 
from  that  of  the  relative  component  to, 
hence,  in  an  actual  case,  in  order  to  get 
the  best  results,  that  angle  should  be  the 
same  with  that  of  to,  for  then  the  water 
will  glide  along  the  bucket  without  dis- 
turbance. Let  6  be  this  angle,  then  from 
Fig.  1  there  is  easily  deduced: 


sin(fl  +  /g) 

sin  6 


(12) 


Bresse  writes  this  equation  between 
those  two  which  I  have  numbered  (8) 
and  (9),  but  I  have  omitted  it  until  the 
present  in  order  to  make  prominent  the 
fact  that  it  has  absolutely  no  connection 
^whatever  with  any  of  the  equations  from 
which  v'2  is  deduced /  and.  it  evidently 
has  no  connection  with  equation  (11). 
There  is  no  need  of  bidding  its  influence 
"  out,''  for  it  is  never  "in."  Bresse  writes 
it,  it  is  true,  and  states  in  connection 
with  it  that  the  water  must  enter  tangen- 
tially  for  the  best  results  (just  what  I  ex- 
plicitly stated  in  my  previous  paper),  but 
he  does  not  combine  it  with  any  equa- 
tion which  precedes  or  follows  it  for  the 
determination  of  v'2  or  the  efficiency. 
This  statement  may  also  be  verified  by 
consulting  Bresse. 

The  statement  of  Prof.  Trowbridge, 
therefore,  to  the  effect  that  Bresse  com- 
bines eq.  (12)  with  others  to  obtain  vn  and 
the  efficiency  is,  to  put  it  very  mildly, 
somewhat  extraordinary. 

He  simply  falls  into  the  error  of  sup- 
posing that  the  supplement  of  the  angle 
which  w  makes  with  u  is  necessarily  the 
angle  which  the  bucket  makes  with  the 
tangent  at  the  same  point,  whereas  so 
far  as  the  equations  are  concerned,  there 
is  no  connection  between  them ;  the  for- 
mer is  fixed  when  u,  v  and  ft  are  known, 
but  the  latter  may  have  any  value  what- 
ever. Again  it  is  important  to  observe 
that  the  equations  are  based  on  no  par- 
ticular relation  between  the  rectangular 
tangential  component  of  v,  and  u ;  much 
less  is  equality  any  where  assumed.  So  far 
as  the  equations  are  concerned,  that  com- 
ponent of  v  may  be  greater  or  less  than, 
or  equal  to,  tc.  The  formulae  are  then 
perfectly  general  in  this  respect. 

Introducing  vA  from  eq.  (10).  in  eq. 
(11),  there  results: — 


b  tan  ft 

b  sm  v  v 


-cos  y 


(13) 


Eq.  (13)  will  be  used  again. 

The  preceding  results  might  also  have 
been  shown  by  taking  any  bucket  angle 
different  from  0,  and  then  by  establish- 
ing the  equations  without  any  regard  to 
it;  this  method  will  now  be  applied  to 
Weisbaeh's   equations. 

Fig.  2  is  the  figure  to  be  used :  it  is 
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Fig.  2. 


very  similar  to  the  one  fomid  in  Art.  250 
of  DuBois'  Weisbach.  The  notation  is 
the  same  as  that  of  Weisbach  (and  does 
not  need  to  be  explained  here)  with  this 
exception:  ft'  will  represent  the  angle 
made  by  the  bucket  with  the  circumfer- 
ence of  the  wheel  at  the  point  of  entrance 
into  it,  while  ft  represents  the  angle 
tohich  the  relative  component  cx  makes 
the  circumference  at  the  same  point. 
This  distinction  is  important. 

From   the   triangle  c  A   v^   Weisbach 
(Art.  250)  writes, 

c*=c*  +  v*-2cv1cosa (14) 

By  the  aid  of  this  equation,  the  fictitious 

v2—  v  2 
head — = — -  (see  remarks  following  eq.(3) 

and  the  actual  heads  h1  and  A„,  he  then 
writes, 


2g  '2g      2g     2g 


2cv  cos  a 


.     (15) 
Writing  h  for  7?,  — A„  and  adding  a  term 

r  c 2 

-j^1  ,  to  represent  the  loss  of  head   by 

friction  in  the  wheel,  there  results  from(15), 

(l  +  :i)c/=2#A  +  z<2-2cy1cosa-rc2  .  (16) 

With  Weisbach  let  Q  be  the  discharge 
from  the  wheel ;  F  the  sum  of  all  exit 
orifices  from  the  guide  curves,  and  F2  the 
sum  of  the  exit  orifices  from  the  wheel. 
Then  by  the  law  of  continuity, 

Q=Fc=F2c2  .-.  r.=^c2; 


also,  evidently, 


r 


Assuming  that  6  is  small  Weisbach  takes 
v=ci. 
Making  the  substitutions  in  eq.  (16) ; 


I 2ffh 

y      F  r  XF/ 


+  C, 


(17) 


This  is  Weisbach's  expression  for  best 
velocity  and  is  found  in  Art.  251  of 
Du  Bois'  translation.  It  will  be  observed 
that  v=c„  is  the  same  condition  that 
Bresse  uses. 

From  Fig.  2  there  are  easily  deduced 
the  following-  relations : 


F,_r  sin  d 
F      r,  sin  a 


r.  sin  ft 


r  sin(/i— a) 

Introducing  these  conditions  successively 
in  (17)  there  result  the  two  values  of  «,: 


v,—  —v- 


■Igh 


4/2(1)^'  C0SA+:(!:)*(5S?y+c,  ('-  )' 

NTj/  since  Vr/  Vsina/        '  \rj 

....     (18) 


v=-v  = 
1     r 


2gh 


/2sin/icosa        /     sin  ft     \2     „  ir_  V 
r      sin(ft-a)       \sin(/i-a)/        l\rJ 

....     (19) 

It  is  seen,  now,  that  these  two  values  of 
v1  are  identical  and  entirely  independent 
of  ft1,  in  fact  would  hold  if  that  end  of 
the  bucket  did  not  exist.  The  only 
condition  involved  is  simply  v=cr  In 
applying  therefore  eq.  (19)  to  an  actual 
case,  ft  should  not  be  taken  as  the  angle 
which  the  bucket  makes  with  the  circum- 
ference of  the  wheel  at  the  point  of 
entrance  into  it,  but  should  be  calculated 
by  the  simple  formula  for  a  triangle, 
knowing  c,  u,  and  a ;  or  it  may  be  de- 
termined from  the  equation  which  im- 
mediately jDrecedes  eq.  (18). 

Here  I  will  state  what,  by  an  oversight, 
I  omitted  to  state  in  my  April  article. 

In  that  article  the  values  for  vl  were 
calculated  from  eq.  (19)  taking  ft  directly 
from  the  wheel.     This  I  did  to   save  the 
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labor  of  estimating  them  as  directed 
above,  knowing,  since  they  are  excellent 
examples,  that  the  values  would  differ 
little  from  estimated  ones.  In  the  Boott 
Center- Vent  and  Westerly  Swain  wheels 
(my  3d  example)  the  differences  were  a 
little  greater  than  I  expected,  but  not 
enough  to  make  any  essential  difference 
in  the  results. 

In  the  Center-Vent  Boott  wheel,  for  in- 
stance, i\  by  eq.  (18)  becomes 

0.758a/2^A"=22.2  feet. 

But  experiment  27  of  the  same  series, 
from  which  I  took  my  example,  gives  a 
little  higher  efficiency  than  experiment 
30,  which  I  took,  and  vx  in  that  experi- 
ment was  found  to  be  20.8  feet.  The 
agreement  is  therefore  as  close  as  before. 
In  the  "Westerly  Swain  wheel  (my  third 
example)  eq.  (18)  gives  w,  =  20.78  feet, 
while  experiment  gave  ^  =  21.48  feet; 
an  agreement  considerably  closer  than 
before. 

I  explicitly  stated  the  value  of  the 
empirical  co-efficient  I  used  as  0.075.  In 
art.  260  of  DuBois'  translation  Weisbach 
states  where  Professor  Trowbridge  may 
find  an  account  of  the  experiments  by 
which  the  values  "C=C1=0.05  to  0.10" 
were  fixed. 

In  art.  260  of  DuBois'  translation  is 
found  Weisbach's  expression  for  effi- 
ciency. Putting  La  for  the  work  per- 
formed and,  as  before,  h  for  the  total 
fall,  there  may  at  once  be  written ; 


(20) 


Using  the  relations  between  c,  <?2  and  v, 
already  given,  there  results  for  the  effi- 
ciency, after  taking  v  from  eq.  (18)  ; 


r/=l- 


It  sin  oV 
\r1  sin  a) 


c-ii  + 


■(21) 


+  2cotasin  8 


Eq.  (21)  will  be  recognized  at  once  as 
the  one  used  in  my  previous  communi- 
cation. 

It  will  now  be  at  once  perceived  that 
eqs.  (18)  or  (19)  and  (21)  are  entirely 
independent  of  the  angle  ff ;  it  is  not 
possible  for  it  to  affect  them.  If  possi- 
ble, it  is  still  more  absurd  to  suppose 
that  either  (18)  or  (19),  or  (21)  is  based 
on    the  assumption  that  the  tangential 


rectangular  component  of  c,  Fig.  2.  is 
equal  to  vx.  The  figure  was  purposely 
so  drawn  as  to  represent  that  component 
as  greater  than  u,,  as  does  Weisbach,  in 
which  case  the  water  would  have  an  im- 
pulsive effect  on  the  wheel  depending 
upon  the  excess  y,  T. 

Weisbach's  formulae  for  best  velocity 
and  efficiency,  therefore,  are  not  based 
either  upon  the  "  axiom  "  that  the  water 
should  enter  tangentially  to  the  bucket, 
or  upon  the  axiom  that  the  water  shall 
not  act  by  impulse. 

They  are  based  upon  the  condition 
e2=y,  but  that  is  all.  They  do  not  in- 
volve any  term  which  represents  the  loss 
by  shock  any  more  than  they  involve 
terms  which  represent  loss  arising  from 
appreciable  thickness  of  buckets  and 
guide  curves,  or  fluid  friction  in  the 
flume  or  penstock,  and  any  objection 
which  is  brought  against  the  formulae 
on  the  basis  of  any  one  of  these  omis- 
sions holds  equally  on  the  basis  of  the 
omission  of  all  the  others. 

The  pseudo-reasoning  of  Professor 
Trowbridge,  in  his  last  article  in  the  vi- 
cinity of  his  Fig.  2,  is  too  deeply  involved 
in  hopeless  absurdity  to  be  worthy  of 
serious  attention. 

In  his  last  article,  page  375,  Professor 
Trowbridge  states  essentially  that  the 
fornralaB  of  Weisbach  and  Bresse  do  not 
indicate  that  a  small  value  of  a  (Weis- 
bach's notation)  or  /i  (Bresse's  notation) 
should  be  taken.  In  my  last  article  I 
showed  that  Weisbach's  formula  for  effi- 
ciency calls  for  a  small  value  of  a,  and 
took  occasion  to  criticise  his  advice  in 
regard  to  making  it  unnecessarily  large. 
Bresse's  eq.  (13)  shows  that  the  smaller 
is  the  angle  ft  the  greater  is  the  effi- 
ciency ;  and  Rankine's  eq.  (1)  shows  the 
same  thing  (his  a  is  the  same  as  Bresse's 
ft).  The  small  guide  curve  angles  of 
the  Lowell  wheels  are,  therefore,  noth- 
ing more  than  those  which  the  formulae 
of  Weisbach,  Bresse  and  Rankine  indi- 
cate ought  to  exist.  It  is  nothing  to  the 
point  to  quote  the  opinions  of  those 
authors,  for  in  his  first  article  (see  its 
heading)  Professor  Trowbridge  set  out 
to  show  "the  inapplicability  of  the  the- 
oretical investigations  of  the  turbine 
wheel  as  given  by  Rankine.  Weisbach. 
Bresse  and  others."  It  is  a  matter  of 
little  consequence  what  their  opinions 
were. 
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In  Art.  262,  however,  Wiesbach  advises 
that  a  be  made  from  20°  to  30°.  In  the 
same  article  he  advises  that  the  exit 
angle  of  the  wheel  be  less  than  20°. 

In  his  last  article  Professor  Trow- 
bridge states  that  the  "best  modern 
wheels,  introduced  by  Boyden  and  Fran- 
cis   are   imp>ulse-&n.&.-rea,ction 

wheels,"  and,  in  the  paragraph  following 
my  quotation,  he  speaks  in  particular  of 
the  inward  flow  turbines.  He  thus  states 
that  the  water  acts  in  those  wheels  partly 
by  impulse.  The  experiments  of  Francis 
and  Mills,  however,  show  the  contrary. 
Figs.  3,  4,  5  and  6  are  the  velocity  dia- 
grams belonging  to  the  four  examples 
given  in  my  April  article ;  in  fact,  Figs.  3 
and  4  are  reproduced  from  that  article. 

The  notation  is  that  of  Weisbach,  c 
being  the  exit  velocity  from  the  guides 
and  Uj  the  tangential  wheel  velocity  at  the 
same  point. 


Fig.  3. 


The  velocities  c  and  v1  are  both  ex- 
perimental in  the  four  cases,  and  may  be 
easily  verified  by  any  one  taking  the 
trouble  to  look  up  the  data  given  in  my 
previous  article.  Figs.  3,  5  and  6  be- 
long to  inward  flow  turbines,  and  in  each 
of  those  cases,  since  the  component  of 
c  in  the  direction  of  i\  is  less  than  vlf  it 
is  impossible  for  the  water  to  do  any 
work  by  impulse ;  that  is,  they  are  sim- 
ply  reaction  wheels. 

Fig.  4  belongs  to  the  Tremont  wheel. 


In  that  case,  since  the  angle  between  c, 
and  z>,  is  only  87°,  there  is  a  very  little 
work  done  by  impulse;  but  since  that  little 
is  due  to  3°  only,  it  is  essentially  none. 

If  Prof.  Trowbridge  will  read  my  pre- 
vious article  with  a  little  more  care,  he  will 
see  that  what  I  called  an  "admirable  ar- 
rangement "was  simply  the  means  adopt- 
ed to  prevent  leakage  in  the  Lowell 
wheels,  which  I  took  for  examples.  Also 
that  I  did  not  speak  favorably  of  the 
idea  of  Bresse  and  Weisbach  of  so  pro- 
portioning a  and  p,  as  to  prevent  unbal- 
anced pressure  outward  between  wheel 
and  guides. 

Perhaps  the  most  remarkable  charac- 
teristic of  Prof.  Trowbridge's  last  article 
is  his  claim  to  originality  in  the  investi- 
gation of  his  first  paper.  He  has  given, 
he  says,  the  theory  of  impulse-and-reac- 
tion  wheels  "for  the  first  time"  !  ! ! 

Let  any  one  turn  to  Fig.  1  of  his  March 
article  and  the  page  following  of  his  text. 
The  general  expression  for  work  which 
he  deduces  is  : 

•     (22) 

From  his  figure  vr  =  \/v*  +  u*2uvJ  -  cosa 
and  x=v1  cos  a—u;  these  values  in  eq. 
(22)  give : 

W=M 


W=M(a?w-|-vr  cos  y.u) 


(v1cosa  +  ^/v^  +  it?— 2u1«cosacos;/— u)u 

(23) 

Now  let  any  one  turn  to  Art.  231  of 
Du  Bois'  translation,  where  Wiesbach 
gives  the  theory  of  the  turbines  of  Borda 
and  Bondin.  About  the  middle  of  page 
345,  Weisbach  has  the  formula. 

9       

(c  cosa  +  a/V  +  v2-2cv  cos  a.cosd-v) V  .  (24) 

In  eq.  (24)  L,  -^-,  c,  v  and  o  are  ex- 
actly the  same  quantities  as  W,  M,  v^  u 
and  y,  respectively,  in  eq.  (23).  Conse- 
quently, the  equation  of  Professor  Trow- 
bridge is  identical  with  that  of  Weisbach. 

Weisbach  then  makes  cos  6=1;  Prof. 
Trowbridge  does  the  same  with  cos  y. 
Weisbach  next  seeks  by  the  method  of 
the  calculus  what  value  of  v  will  make  L 


a  maximum  and  finds  v  = 


2cos< 


Professor 


Trowbridge  does  the  same  with  W  in  re- 
spect to  u  and  finds 
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u  =  vr,y 


Weisbach's 


Filially,  Weisbach  puts  v=% 


2  cos 


-,)■ 


cos  « 


his 


L  and  finds  an  efficiency  of  unity ;  with 
great  fidelity  Professor  Trowbridge  puts 


u-=zvr  in  his  W  and  also  finds  an  effi- 
ciency of  unity.  The  identity  of  the 
fortnula  and  operations  of  Weisbach  and 
Professor  Trowbridge  and  the  great  de- 
gree of  similarity  in  the  figures  they  use 
are  quite  remarkable,  and  render  any 
comment  superfluous. 


A  NEW  CENTER  OF  GRAVITY  FORMULA  OF  GENERAL 

APPLICABILITY, 


By  J.  WOODBRIDGE  DAVIS,  U.E. 
Written  for  Van  Nostrand's  Magazine. 


The  formula 

(B-Ap 


12V 


(1) 


wherein  A  is  the  area  of  the  generatrix 
of  a  space,  in  its  initial  position,  B,  its 
area  in  its  final  position,  D  is  the  distance 
between  these  positions,  and  V  is  the 
amount  of  space  between,  is  an  expres- 
sion representing  a  distance,  or  linear 
measurement,  like  in  kind  to  D,  because 
the  second  term  is  a  product  of  four 
dimensions  divided  by  a  product  of  three 
dimensions  of  like  kind.  If  the  space  be 
a  plane,  the  second  term  is  still,  as  well 
as  the  first,  an  expression  of  a  single 
dimension.  This  expression  has  been 
found  to  represent  the  distance  of  the 
center  of  magnitude  from  the  initial  end, 
of  each  of  a  number  of  shapes,  or  the 
center  of  gravity  of  a  mass  of  uniform 
density,  which  fills  the  space.* 

To  determine  the  extent  of  its  applica- 
bility, let  us  first  consider  two  spaces, 

*=/(*£       y=/.(*£        (2) 

Let  Al9  Bj,  be  the  end  areas  of  first,  V,, 
its  volume,  D,  the  distance  between  these 
limits,  and  L\,  the  distance,  from  first' end, 
of  the  center  of  its  magnitude.  Let  A2, 
B2,  V2,  D,  D2,  be  the  similar  values  of  the 
second  space,  both  lying  between  same 
limiting  planes,  as  indicated  in  (2). 

If  formula  (1)  apply  to  each  of  these 
spaces,  then 

(B-AJD' 


D1=JD+ 


12V, 


2     2     +  "    12V 
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The  distance,  D3,  of  the  center  of  gravity 
of  the  two  spaces  from  the  initial  plane, 
is 

3^    v1+v2 

iDV1  +  TV(B-AJD^DV2  +  TV(B2-A2)Da 
Va+V, 

_1D     (B.-fJB.-A.-AjD'    1D     (B3-A3)Da 

2     T       12(V,+VJ         2  12V3 

wherein  A3,  B3,  V3,  are  the  areas  of  ends, 
and  volume  of  combined  space.  There- 
fore, formula  (1)  applies  to  the  space 

y=L/»  +/>)]!=./>)!■ 

In  the  same  manner  it  may  be  shown 
that  the  formula  applies  to  the  space 

y=  [/,(«)+/»£ 

D 

if  it  apply  to  space,  y=f(x)0,  and  so  on. 
Consequently,  if  formula  (1)  apply  to 
each  of  any  number  of  spaces  between 
same  limits,  it  applies  to  their  sum. 

From  a  similar  course  of  reasoning  it 
follows  that  If  formula  (1)  apply  to  all 
but  one  of  any  number  of  spaces  be- 
tween same  limits,  it  does  not  apply  to 
their  sum.  Also,  if  the  formula  apply 
to  certain  spaces  between  same  limits  and 
do  not  apply  to  certain  other  spaces,  more 
than  one,  between  the  same  limits  as 
before,  the  formula  does  not  apply  to  the 
sum  of  all  the  spaces,  except  in  special 
cases,  when  its  error  for  some  of  the 
spaces  is  balanced  by  its  error,  with 
opposite  sign,  for  the  rest. 

Now  let  us  consider  the  expression  for 
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all  spaces,  y=T?(x).*  Each  term  of  this 
is  of  the  form  ~Kzn ;  and  the  distance  of 
the  center  of  gravity,  from  the  first  end, 
of  the  space  represented  by  y=~Kxn ,  is 

Kx1i+1dx  .  , 

o  n  +  1 


/ 

«/     0 

7' 

J    0 


Kxn  dx 


n  +  2 


I). 


Formula  (1)  applies  to  this  space  when 


._     (KDw-K(0)»)D2     n  +  1- 


12 


KD' 


w  +  2 


:0.      (3) 


71  +  1 

This  is  true  when  n  =  0. 
values  of  n,  (3)  becomes 


For  all   other 


*D  + 


7i  +  l  T)     n  +  1 


12 


D 


D  =  0. 


91  +  2 

-3)i  +  2-- 
4±i=2  or  1. 


(4) 


:0; 


From  this 

whence 

It  follows  from  this  and  the  rules 
written  in  italics,  that  the  center  of 
gravity  formula  applies,  between  any 
limits,  to  those  spaces  only  which  are 
represented  by  the  equation 

y  =  a  +  bx  +  ex2 ;  (5) 

and  it  applies  to  special  cases  only, 
[i.  e.,  between  special  limits,]  of  all  other 
spaces. 

By  comparison  of  (5)  with  similar 
equation,  [eq.  (11),  p.  412,  May  No.  of 
this  Magazine,]  representing  the  limit  of 
the  prismoidal  formula's  applicability, 
which  equation  is 

y=  a  +  ix  +  ex2  +  dx3,  . .  (6) 

it  is  seen  that  the  center  of  gravity 
formula  is,  practically,  co-extensive  with 
the  prismoidal  formula;  because  the 
generatrices  of  very  few,  if  any,  practical 
shapes  vary  as  cubic  functions  of  the 
path.  This  formula  will,  therefore, 
serve  in  the  same  way  as  the  prismoidal, 
as  a  widely  general  rule,  which  renders 
unnecessary  the  demonstration,  recollec- 
tion and  use  of  a  large  number  of  special 
rules. 

Thus,  the  chapter  on  center  of  gravity 
in  a  treatise  on  mechanics  can  be  much 
abbreviated  by  use  of  this  formula.  The 
fact  that  the  generatrix  of  a  space,  ex- 
pressed in  terms  of  its  distance  from 
initial  end  of   that  space,  or  from  any 

*  See  introduction  to  article  entitled  Prismoidal  For- 
mula in  May  number  of  this  Magazine. 


position  whatever,  since  to  shift  the  axis 
of  Y  does  not  change  the  degree  of  eq.  (5), 
is  all  that  requires  demonstration.  The 
position  of  the  center  of  magnitude  in 
that  sj:>ace  is,  then,  immediately  indi- 
cated by  formula  (1),  which  may  be 
reduced  for  particular  cases. 

For  instances:  Because  the  areas  of 
generatrices  of  triangle,  pyramid,  cone, 
and  paraboloid,  in  terms  of  distance 
from  their  vertices,  are,  respectively,  ax, 
b(cx)s,  7t(exy  and  nfx,  formula  (1) 
applies  to  all  of  these  and  to  all  of  their 
frusta.  Therefore,  for  triangle,  the  dis- 
tance of  center  of  gravity  from  vertex  is 

JD  +  I^D' 


For  trapezoid; 
dist.c.ofg.=£D-|- 


12(1DB) 
(B-A)D 


ID- 


(2B-A)D 

12  (B+A)P>=  3(B  +  A) ' 


For  pyramid  or  cone  when  B  is  area  of 
base, 

dist.  c.  of  a-.  =W  + .  J!"!~L-.  =#X>. 


IT)  +  ____ 

2        12(PD) 


For  frustum  of  this : 
dist.  c.  of  g.=^D  + 


(B-A)D2 


*D  +  - 


12(A+a/AB+B)!D 
(B-A)D 


4(A-fVAB  +  B) 

The  last  result,  which  is  formula  (1) 
only  changed  by  cancelation  of  the  com- 
mon factor  D,  is  at  once  in  the  simplest 
form.  Dr.  Weisbach  requires  a  page 
and  a  quarter  of  laborious  demonstration 
to  reach  this  result.  See  pp.  233-4,  Eck- 
ley  Coxe's  edition  of  Theoi'etical  3£e- 
chanics. 

For  paraboloid,  the  radius  of  whose 

base  is  r, 

7rr'2D2 
dist.  c.  of  g.=ip+I_^=fD. 

For  frustum  of  this  we  obtain  an  ex- 
pression similar  to  that  for  trapezoid, 
since  its  generatrix  varies  according  to  a 
function  exactly  similar.     It  is 

(2r/-OD 

3«+0 

Formula  (1)  applies  to  the  sphere, 
because,  with  center  as  origin,  the  mag- 
nitude of  generating  circle  varies  as 


dist.  c.  of  g.  =JD 
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7r(?'2— ar). 

Hence,  for  hemisphere,  measured  from 
center, 

7tV* 

clist.  c.  of  g.=^.-__j  =§r. 

Because  the  generatrix  of  the  complete 
rectangular  prismoid  [Fig.  2,  p.  414,  May 
No.  of  this  Magazine]  varies  as 

a  +  bx  +  ex2, 
formula    (1)    applies   to   all-  rectangular 
prismoids  and  wedges,  in  direction  per- 
pendicular to  bases. 

•'•  chst.  c.  of  g--iD  +  12(|^M+B)iD= 

B-A      )      (B  +  2M)D 


1DU  + 


A  +  4M  +  B)  ""A  +  4M  +  B 

For  wedge,  measured  from  edge ; 

dist.c.ofg^iDJl+^-^1- 

_(B  +  2M)D 
B  +  4M 

To  reach  results  similar  to  these  for 
wedge  and  prismoid  requires  more  than 
a  page  of  Weisbach's  Mechanics.  By 
calculus,  the  demonstration  is  nearly  as 
long. 

In  a  manner  similar  and  quite  as  easy 
it  may  be  shown  that  formula  (1)  applies 
to  any  segment  of  common  parabola,  in 
direction  perpendicular  to  axis,  to  all 
parallelograms,  prisms,  cylinders,  pris- 
moids, cylindroids,  spheroids,  hyperbo- 
loids,  all  segments  of  these  between 
parallel  planes,  and  to  the  class  of  shapes 
whose  lateral  boundaries  are  right  line 
surfaces  the  type  of  which  is  illustrated 
in  Fig.  6,  p.  418,  of  May  No.  of  this 
Magazine.  The  last  class  includes  alone, 
columns,  chimneys,  piers,  abutments, 
warped-faced  wing-walls,  banks,  retain- 
ing walls,  dams,  earthwork  solids,  and 
numerous  other  practical  shapes. 

If  the  extremity,  S,  of  the  generatrix 
of  a  circle,  Fig.  1,  generate  a  length,  dx, 
of  the  circumference  in  an  infinitesimal 
time,  dt,  while  it  passes  through  center, 
then,  at  any  distance,  x,  it  will  in  same 
time  generate  a  length  equal  to 

ST  r  r 

SU         y  Vr-ir 

Hence   formula   (1)    does   not   apply  to 
arcs  of  circles. 

But,  if  the  circumference  be  revolved 


about  CX,  then  the  circumference  of  the 
generating  circle  whose  radius  is  y,  gen- 
erates in  the  time,  dt, 

T 

dx.  -.  2  n  y  =  2  Ttrdx, 

y     J 

which  is  the  form  of  eq.  (5),  when  b=o, 
c=o.  Hence  formula  (1)  applies  to  any 
zone  of  sphere,  and  the  position  of  cen- 
ter of  magnitude  is,  when  h  is  altitude  of 
zone, 

(2  xrdx-2  7t  r  dx)  h~ 

2^< 


12  V 


:1A. 


Because  formula  (1)  apphes  to  the 
cone  CSS',  and  to  the  segment  SXS',  as 
has  already  been  shown,  it  may  be  used 
to  determine  the  positions  of  the  centers 
of  gravity  of  these ;  and  the  c.  of  g.  of 
sector  may  then  be  found  by  composi- 
tion of  moments. 

Formula  (1)  applies  directly  to  the 
spherical  sector  when  D  is  understood 
to  be.  the  distance  passed  over  by  the 
center  of  magnitude  of  generatrix,  a 
varying,  concentric  zone,  and  V  to  be  the 
amount  of  space  described  by  a  plane 
generatrix,  varying  as  the  same  function 
of,  and  passing  over,  the  same  path. 

This  is  true,  because  the  distribution 
of  magnitude  along  the  path  D  is  identi- 
cal for  both  modes  of  generation,  and 
because,  since  formula  (1)  applies  to  one 
of  these  shapes,  the  variation  of  genera- 
trix being  as  ex2,  it  also  apphes  to  the 
other. 

Thus  is  obtained  for  sector  of  sphere. 
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dist.  c.  of  g.=Ad  + 


12(£Bc/)-4 
=f(r-#)     . 


•     (?) 

where  B  is  area  of  spherical  circle,  d  is 
distance  of  its  c.  of  g.  from  center  of 
sphere,  h  is  its  altitude,  and  r  is  radius 
of  sphere. 

In  this  sense  formula  (1)  applies  to 
frusta  of  spherical  sectors,  [i.  e.,  be- 
tween concentric  zones],  whether  the 
zones  be  terminal  or  annular;  also,  in  di- 
rection of  sector's  axis,  to  all  divisions  of 
these  included  each  by  two  planes  passed 
through  axis ;  to  circular  sectors  between 
any  limits,  to  all  portions  of  regular 
polygons  and  polyhedrons,  which  can  be 
inscribed  in  circular  and  spherical  sec- 
tors, respectively,  between  any  limits, 
and  to  every  shape,  each  part  of  whose 
generatrix  varies  as  the  same  function  of 
its  distance  from  initial  end. 

Thus,  it  applies  to  the  square  diago- 
nally, when  the  initial  end  is  one  vertex, 
and,  the  generatrix  is  the  broken  line 
composed  of  the  opposite  two  sides. 

Applied  in  this  way,  formula  (1)  gene- 
rally requires,  preliminarily,  the  aid  of 
some  other  method  to  determine  the  c. 
of  g.  of  generatrix  itself.  In  case  of 
spherical  sector,  it  applies  both  to  the 
generatrix  and  to  the  space  described 
thereby. 

It  will  be  obseiwed  from  the  foregoing 
that  the  only  familiar  simple  shapes, 
such  as  are  made  examples  in  works  on 
mechanics  and  engineering,  to  which 
formula  (1)  does  not  apply  directly,  are 
the  circular  arc,  sector,  segment  and 
spandrel ;  and  to  latter  three  of  these  it 
applies  either  indirectly  or  with  aid  of 
composition  of  moments. 

Formula  (1)  applies  to  all  lines  for 
which 

l/^l  +  l=a  +  bx  +  cx\  (8) 

dx 

where  a,  b,  c,  are  arbitrary.  If  c=o,  dy 
is  always  in  integrable  shape;  but  the  in- 
tegration is  tedious.  Eq.  (8),  however, 
shows  at  once  that  the  only  familiar  line 
to  which  formula  (1)  applies  is  the 
straight  line.  To  obtain  another  ex- 
ample, without  much  labor  in  the  inte- 
gration, make  a  and  c  zero  and  square, 
subtract  unity,  extract  square  root,  and 
multiply  by  dx,  each  member  of  eq.  (8). 
By  integration  the  equation  of  a  line, 
subject  to  formula  (1)  is  found  to  be 


f=%bx  a/x*_  J_  -_  nap.  log. 


\  x+  a/x~—  _  >•  +  const. 


Formula  (1)  applies  in  direction  of 
axis  to  all  surfaces  formed  by  revolution 
of  the  lines  for  which 


yi/cIl'  +  l=a  +  bx+cx%  (9) 

dx 

where  a,  b,  c,  are  arbitrary.  The  only 
familiar  surfaces  of  revolution  for  which 
eq.  (9)  is  true  are  the  surfaces  of  cylin- 
der, cone  and  sphere. 

Formula  (1)  applies,  as  a  center  of 
pressure  formula,  to  the  common  cases  of 
hydrostatic  pressure.  The  equation  of  any 
immersed  plane  figure,  referred  to  inter- 
section of  its  plane  with  surface  of  fluid, 
as  the  axis  of  Y,  and  to  any  line  in  its 
plane,  perpendicular  to  this  intersection, 
as  the  axis  of  X,  is 

y=F(aj>. 

If  6  be  the  angle  of  deviation  of  its 
plane  from  plane  of  fluid  surface,  and  y 
be  the  specific  gravity  of  the  fluid,  sup- 
posed to  be  uniform  in  density,  the  press- 
ure on  the  figure  at  a  distance  x  is 
y'=F{x)y  shi  6  x=F'{x). 

In   order 'that    formula  (1)  shall  apply, 
~E"(x)z=a  +  bx  +  cx\ 

a+te+^=^  ;f+o#  10) 

v  '         y  sm  u.x     .   x 

Fortunately,  the  last  member  of  eq. 
(10),  when  we  make  a'—o,  represents 
nearly  all  the  usual  submerged  plane 
shapes,  since  these  are  seldom  other 
than  the  rectangle,  triangle  and  trape- 
zoid, with  bases  parallel  to  fluid  surface. 
Because  the  pressure  at  every  point  of 
submerged  siu'face  is  normal  thereto, 
and  equal  in  intensity  to  y  sin  6  x,  it 
may  be  represented  by  a  line  perpendic- 
ular to  surface  and  varying  in  length  as 
the  same  constant  multiple  of  x.  There- 
fore, the  equation  of  entire  pressure, 

y=i(b'  +  c'x)ysm.  &.x=bx  +  cx2, 

is  also  the  equation  of  a  space,  whose 
generatrix  is  a  rectangle  varying  as  y  in 
last  eqvration,  its  sides  remaining  con- 
stant in  direction.  This  shape  can,  con- 
sequently, be  only  a  frustum  of  the  rec- 
I  tangular   pyramid,   prism    or    prismoid. 
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We  may,  therefore,  confine  our  attention 
wholly  to  these  shapes,  because  the  re- 
sultant of  pressure  passes  through  the 
center  of  magnitude  of  each. 

Of  course,  as  shown  by  expression  (6), 
the  prismoidal  formula  also  applies  to 
these  shapes,  and,  in  consequence,  to  the 
pressure.  Indeed,  it  would  seem  that 
this  is  the  simplest  method  of  determin- 
ing the  total  pressure.  The  following 
is  the 

RULE. 

To  find  the  total  pressure  on  a  sub- 
merged rectangle,  triangle  or  trapezoid, 
whose  bases  are  parallel  to  fluid  surface, 

Multiply  top-width  of  shape  by  its  dis- 
tance beneath  surface;  call  this  A.  Mul- 
tiply bottom  width  by  its  distance  beneath 
surface/  call  this  B.  Multiply  mid- 
width  by  its  distance  beneath  surface ; 
call  this  M.  Then  total  pressure  is  ^  of 
distance  between  end-widths,  multiplied 
by  the  specific  gravity  of  fluid,  and 
again  by 

A  +  4M  +  B. 

When  top-width  is   wx,    and    its   dis- 
tance beneath  surface  is  /i, ;  and  w„,  A2,  cor- 
respond to  lower  width,  while  D  is  dis- 
tance between,  the  formula  is 
P^D^OA  +  (Wl  +0  (Ax  +  A.)  +  w,AJ 

•     •     (11) 

If  it  be  desired  to  determine  the  com- 
ponent of  pressure  in  any  direction,  use, 
instead  of  D,  the  projection  of  D  normal 
to  that  direction. 

The  formula  determining  the  distance 
of  center  of  pressure,  measured  from  fluid 
surface  along  submerged  plane,  is 

where  dx  is  distance  from  fluid  surface  to 
top  base,  measured  on  plane  of  figure, 
and  the  other  symbols  are  as  before. 
(12)  may  be  written 

MID,      (B-A)p 
1  +  2"U  +  2(B+4M+A) 
or 


(13) 


2|>  a  +  (wl + wj  a + /g + «>A] 

.     .     .     (13a) 
When,  instead  of  Al5  A2,  we  know  the 
distances  dlf  cZ2,  along  submerged  plane, 
formula  (11)  becomes 

P=-|-Dy  sin^O  A  +  (w1  +  w.)  A  +  <f J 

+  «,rfj     •     •     •     (14) 


and  formula  (IS a)  becomes 


KWA  +  K + W*)A + d*)+™A~] 

(15) 

as  simple  as  before. 

To  find  distance  of  center  of  pressure 
below  fluid  surface,  multiply  (15)  by  sin  6; 
or  use  in  (15),  instead  of  dt,  dt,  D,  their 
vertical  projections,  if  these  be  known 

'  EXAMPLES. 

The  submerged  figure  is  a  triangle 
whose  base  is  at  fluid  surface.  Here,  d1 
and  w2  are  zero;  consequently,  the  dis- 
tance of  center  of  pressure  is  £D.  The 
pressure  is 

£  ~Dy  sin  6  wldi  or  \  D  y  w  A- 

This  corresponds  to  the  case  of  the 
entire  middle  branch  of  the  complete 
prismoid,  Fig.  2,  p.  414,  May  No.  of  this 
Magazine. 

The  vertex  of  the  triangle  is  at  sur- 
face, and  the  base  is  parallel  thereto. 
Here  w1  and  dx  are  zero;  and,  in  conse- 
quence, formula  (15)  reduces  to  f  D. 
Then, 

P=^D^  sin  6.  wAti  or  P/^A- 

The  figure  is  a  rectangle.  Here  icx = wa, 
and  the  formula  (15)  becomes 


^+P>  + 


(d-d,)!) 


6A  +  «\) 
F=±Dy  sin  6.  w^  +  tf,). 

The  distribution  of  pressure  on  sub- 
merged trapezoids  corresponds  to  the 
distribution  of  magnitude  in  the  various 
segments  of  the  complete  rectangular 
prismoid,  as  wedges,  etc. 

If  the  plane  of  submerged  figure  be 
parallel  to  fluid  surface,  formula  (13a) 
shows  that  the  center  of  pressure  is  co- 
incident with  the  center  of  magnitude  of 
the  plane  shape  itself.  When.  now. 
Wj=w2,  we  have  the  case  corresponding 
to  that  of  the  rectangular  prism. 

While  defining  the  rectangular  pris- 
moid on  p.  414.  May  number  of  this 
magazine,  as  a  shape  generated  by  a 
moving  rectangle,  the  product  and  quo- 
tient of  whose  two  dimensions  vary,  we 
noticed  two  other  shapes,  in  one  of 
which — the  pyramid — the  product  is  va- 
riable and  the  quotient  constant,  and  in 
the  other  of  which — the  prism — both  are 
constant;  also,   a  fourth  shape  was  de- 
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scribed  for  which  the  product  is  constant 

and    the    quotient   variable.     All    these 

cases    occur  in  hydrostatics.     The  only 

one  not  mentioned  is  that  of  the  figure 

whose  generatrix  varies  in  magnitude  as 

a' 

— ,  the  first  term  of  last  member  of  eq. 

x 

(10),  while  the  pressure  varies  as  a"x. 

Formula  (13),  or  its  equivalent,  formu- 
la (15),  in  same  manner  as  formula  (1), 
saves  the  calculator  the  inconvenience  of 
remembering  numerous  rules,  because 
the  reduction  for  special  cases,  a  few  of 
which  have  been  illustrated,  can  be  in- 
stantly effected  before  he  proceeds  to 
the  numerical  part  of  the  work.  The 
same  may  be  said  of  the  prismoidal  for- 
mula, as  applied  to  the  summation  of 
these  pressures. 

The  only  other  submerged  figure  men- 
tioned in  treatises  on  hydrostatics  is  the 
circle,  which  is  usually  the  surface  of  a 
valve.  Formula  (15)  does  not  apply  to 
this.  If  r  be  its  radius,  and  h  the  depth 
of  centre  below  surface,  then 


T=/i7rr2y, 
and  dist.  cen.  of  press.  =  A -f 


4/i 


The  statical  moment  of  a  material 
shape,  represented  by  eq.  (5),  referred  to 
an  axis  parallel  to  plane  of  generatrix, 
and  at  a  distance  d^  beyond  its-  initial 
position,  is  the  product  of  V  by  the  sum 
of  c?j  and  expression  (1). 

.  \  Statical  moment  =  (c\  +  £D)  V  +  J^D2 

(B-A).         (16) 
This  has  exactly  same  advantages  as  (1). 

Formula  (16)  is  very  convenient  when 
we  would  determine  the  center  of  gravity, 
or  the  statical  moment  of  a  compound 
figure,  every  part  of  which  is  a  shape 
represented  by  eq.  (5).  The  first  term  of 
second  member  shows  that  the  c.  of  g.  of 
each  part  may  be  assumed  to  be  half  way 
between  its  ends ;  whereafter,  by  compo- 
sition, very  easily  a  false  statical  moment 
of  the  whole  figure  can  be  obtained. 
This  should  be  corrected  by  the  second 
term  of  second  member  applied  to  each 
part. 

The  statical  moment  of  the  pressure, 
whose  resultant  occupies  the  position 
indicated  by  (15),  is,  referred  to  intersec- 
tion of  submerged  plane  and  fluid  sur- 
face, the  product  of  P  and  expression 
(15). 


To  find  the  moment  of  the  horizontal 
conrponent  of  P,  referred  to  fluid  sur- 
face, which  is  the  moment  usually  re- 
quired, multiply  the  former  moment  by 
(sin  6)\ 

This  is  useful  when  we  would  find  the 
position  of  center  of  pressure  of  a  com- 
pound figure.  Such  a  figure  may  be  divi- 
ded into  triangles,  trapezoids  and  rect- 
angles, whose  bases  are  parallel  to  fluid 
surface ;  and  the  moment  of  each  may  be 
found  as  above. 

The  moment  which  is  most  often  re- 
quired is  that  of  the  horizontal  compon- 
ent of  P,  referred  to  the  lower  base. 
This  is  the  product  of  sin  0.  P  and  sin  0. 
[d^  —  (15)],  which  is 

^Dsin^.P-JgDysin3^.^^-^/^),  or 
JsDiBm,d.y[2w1d1  +  (w1  +  to2)  (d1  +  dj)]. 

(17) 

This  is  the  moment  which  tends  to 
overturn  the  solid  whose  surface  receives 
the  pressure. 

Formula  (1)  will  prove  useful  to  the 
practical  engineer,  since  few  shapes 
to  which  it  is  inapplicable  come  under 
his  consideration.  In  his  service  it  will 
be  especially  simple,  for  the  reason  that 
he  will  be  very  likely  to  have  already 
calculated,  for  other  purposes,  the  con- 
tents of  the  shapes  he  deals  with,  and 
will,  consequently,  know  at  the  outset  the 
value  of  the  denominator  of  second 
term.  For  instance,  as  often  occurs,  if 
it  be  required  to  find  the  position  of  the 
c.  of  g.  of  a  piece  of  iron  or  timber  of 
known  volume  or  weight  and  of  pris- 
moidal shape,  for  the  purpose  of  hoisting 
it,  loading  it  upon  a  vehicle,  or  because 
it  is  a  member  of  a  structure  or  machine, 
the  formula 

(B-A)D2 
12V     ' 

indicating  its  distance  from  mid- section 
toward  larger  end,  is  exceedingly  simple. 
If  y  be  the  specific  gravity  of  the  mate- 
rial and  W  the  weight  of  piece,  the  ex- 
pression becomes 

(B-A)Dy. 
12W 

Even  when  neither  the  weight  nor 
volume  are  known,  the  practical  calcu- 
lator will  find  formula  (1)  very  conveni- 
ent, because  it  can  so  easily  be  reduced 
to  the  simplest  possible  form  for  special 
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cases,  by  mere  cancelation  of  symbols, 
before  the  numerical  part  of  the  work  be 
commenced. 

The  calculator  can,  in  most  cases,  re- 
cognize at  sight  the  shapes  to  which  for- 
mula (1)  applies.  For  doubtful  cases 
formula  (5)  is  the  criterion,  and  it  is 
easily  used.  When  the  shape  satisfies 
this,  it  is  known  that  both  the  piismoidal 
and  the  center  of  gravity  formulae  apply. 

The  best  practical  application  of  for- 
mula (1)  is  to  the  determination  of  the 
mean  distance,  which  the  material  of  a 
cutting  has  been  hauled  to  form  an  em- 
bankment, since  here  it  apparently  satis- 
fies the  greatest  want.  Haulage  is  the 
product  of  the  quantity  of  material  and 
the  average  haul  or  mean  distance  which 
it  has  been  transported.  The  unit  of 
haulage  is  one  cubic  yard  hauled  one 
hundred  feet.  On  this  basis  the  price 
for  haulage  is  fixed. 

After  having  calculated  one  factor  of 
haulage,  the  quantity,  it  remains  for  us 
to  find  the  other,  or  average  haid.  To 
do  this  pass  a  plane  anywhere  between 
cut  and  fill  normal  to  route  of  haul. 
Suppose  the  magnitude  of  cutting  to  be 
generated  by  a  limited  plane,  whose  vari- 
able area  is  represented  by  y.  Let  x  de- 
note the  variable  distance  of  y  from  the 
secant  plane.  However  irregular  may 
be  the  shape  of  cutting,  we  know  that  y 
varies  as  a  function  of  x.  Hence  ydx, 
the  elementary  volume,  multiplied  by  x, 
which  produces  the  elementary  amount 
of  haulage,  is  integrable. 


:      /    '  xydx, 


where  c?)3  c?2,  are  distances  of  ends  of  cut- 
ting, is  the  haulage  of  cut  to  plane,  and, 
when  x'  is  the  average  haul  so  far  as 
to  the  plane,  the  following  equation  is 
true. 


f**  xydx 

J    d\ 


(18) 


The  first  member  of  this  equation  is, 
by  definition,  the  average  haul  to  plane ; 
the  second  member  is,  by  principles  of 
mechanics,  the  distance  of  c.  of  g.  of 
material  from  plane,  and  the  equation 
shows  that  these  are  equal. 

By  similar  reasoning  it  is  proven  that 


the  average  haul  from  same  plane  to  fill 
is  equal  to  the  distance  of  c.  of  g.  of  fill 
from  plane. 

Therefore,  the  average  haul  of  «  piece. 
of  excavation  is  the  distance  between  the 
center  of  gravity  of  the  material  as  found 
and  its  center  of  gravity  as  deposited. 

This  is  as  it  is  stated  in  works  which 
touch  upon  the  subject.  But  the  prac- 
tical computation  of  this  theoretical  re- 
sult has  been  found  to  be  a  far  more  te- 
dious task.  It  is  evident  that,  first,  the 
centers  of  gravity  of  the  component 
solids  must  be  severally  ascertained, 
since  the  cut  or  bank  is  measured  as  a 
compound  shape.  But  the  application 
of  formula  (18)  to  each  of  these  produces 
a  very  intricate  expression,  involving 
about  double  the  labor  necessary  to  cal- 
culate the  true  content  of  the  solid  by 
means  of  the  piismoidal  formula  in 
crudest  shape.  After  this  the  several 
moments  must  be  compounded. 

To  avoid  this  some  calculators  have 
been  in  the  habit  of  dividing  the  excava- 
tion into  two  parts  of  equal  volume  by  a 
plane  normal  to  center  line,  and  estab- 
lishing this  as  the  initial  point  of  the 
average  haul.  A  plane  similarly  fixed  in 
the  embankment  marks  the  terminal 
point  of  same  distance.  But  this  plane 
is  always  nearer  the  larger  end  of  shape 
than  the  c.  of  g.  is,  as  may  be  illustrated 
upon  the  cone,  triangle  or  any  shape  of 
unequal  end  dimensions. 

For  instance,  if  the  first  five  100  ft.  sol- 
ids of  a  railroad  cutting  have  been  trans- 
ported to  a  bank,  and  the  generatrix 
commence  with  an  area  zero  at  beginning 
of  cut,  and  reach,  at  the  end  of  consid- 
ered part,  an  area  whose  center  height 
is  20  ft.,  road  bed  width  20  ft.  and  side 
slopes  1^-  to  1,  the  total  volume  is  about 
10,000  cubic  yards,  and,  consequently,  a 
difference  of  1  ft.  in  distance  makes  a 
difference  of  one  dollar  in  money.  But 
the  difference  in  the  cut  is  20  ft.,  and,  if 
the  bank  be  of  same  form,  20  ft.  is  there 
added  to  average  haul  distance.  The 
average  haul  of  other  end  of  same  cutting 
is  likely  to  be  also  40  ft.  too  long.  The 
error  of  this  method,  then,  makes  a  total 
error  of  eighty  dollars  for  that  cutting, 
which  is  invariably  at  the  expense  of  the 
railroad  company.  In  the  time  that  a 
calculator  would,  by  this  method,  com- 
pute the  haulage  of  a  division  of  ten 
miles  he  would  be  likely  to  cost  his  em- 
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ployers  an  amount  equal  to  a  year's 
salary. 

To  divide  the  cutting  into  numerous 
small  parts,  and  find  the  sum  of  their 
moments,  or  to  determine  the  c.  of  g. 
by  a  mental  estimate  merely,  are  methods 
either  laborious  or  liable  to  error. 

Because  the  earthwork  solid  belongs 
to  the  class  of  shapes  bounded  laterally 
by  straight  line  surfaces,  formula  (1)  ap- 
plies thereto.  Let  A,  B,  C,  .  .  .  .  K, 
be  the  areas  of  cross-sections,  a  constant 
distance  apart,  100  feet,  or  D,  in  a  piece 
of  railroad  excavation,  whose  material  is 
all  carried  in  same  direction  to  form  an 
embankment.  Assume  an  axis,  outside 
of  cutting,  a  distance  «?,,  equal  to  50  feet, 
beyond  A.  Then,  according  to  formula 
(16),  the  statical  moment  of  first  volume, 
referred  to  this  axis,  or  the  haulage  of 
its  material  to  this  axis,  is,  since  d1  +  ^D 
=  100, 

100V1  +  TVD2(B-A),  (19) 

The  haulage  of  second  volume  is,  evi- 
dently, 

200  V2  +  TVD'2  (C  -  B) .         (19a) 

The  haulage  of  each  remaining  volume  is 
represented  by  a  similar  expression,  ex- 
cept that  the  coefficient  of  first  term  is 
always  the  product  of  100,  or  D,  by  the 
ordinal  number  of  the  volume.  Thus, 
for  last,  or  nth,  volume,  the  haulage  is 

100  n  Yn  +TV  D2(K- J)         (19b) 

The  sum  of  these  expressions  is  the  total 
haulage  to  the  axis.  But  the  sum  of  all 
the  second  terms  is 

TVD2(K-A).  (20) 

Therefore,  an  exceedingly  simple  rule  for 
determination  of  haulage  can  be  con- 
structed. 

Before  stating  this  rule  let  us  make  a 
further  reduction  in  the  formula.  The 
unit  of  expressions  (19),  (20),  is  a  cubic 
foot  hauled  a  linear  foot.  To  reduce 
this    to    the    haulage    unit,    divide    by 

27D.=2700.     Let  Yol^^Y,,  etc 

Yol)l=^1Y1it  that  is,  let  the  abbreviations 
represent  the  number  of  cubic  yards 
instead  of  cubic  feet.  This,  it  happens, 
is  the  denomination  used  in  dealing  with 
these  quantities,  and  is,  therefore,  the 
denomination  in  which  these  quantities 
are  presented  to  us  when  we  commence 
to  calculate  the  haulage.  Now,  divide 
the  sum  of  expressions  (19),  (20)  by  27D, 
using  the  abreviations. 


+HHK-A)    (21) 

Obviously,  the  axis  may  be  established 
anywhere.  It  is  merely  convenient  to 
place  it  midway  between  the  100  ft.  sta- 
tions. It  might  occujjy  the  position 
midway  between  A  and  B.  Then  the 
moment,  or  haulage  thereto,  would  be 
expressed  by  formula  (21),  with  each  co- 
efficient of  all  but  final  term  [called  the 
correction  term]  decreased  by  unity.  So 
the  first  term,  Yolx,  would  vanish. 

Since  this  is  so,  the  embankment  can 
be  referred  to  the  same  axis,  wherever 
that  may  be  with  respect  to  the  bank. 
In  short,  all  the  terms,  except  the  correc- 
tion term,  express  the  operation,  to  mul- 
tiply the  number  of  cubic  yards  in  each 
volume  by  the  number  of  hundred  feet 
that  the  mid  section  of  that  volume  is  re- 
moved from  the  axis. 

It  is  well  to  place  the  axis  between 
cut  and  fill,  or,  if  they  overlap,  as  nearly 
so  as  possible,  in  order  to  avoid  negative 
moments  or  haulage.  For  instance,  the 
axis  might  be  established  half  way  be- 
tween B  and  C.  Then  the  partial  haul- 
age would  be 

-Yol1+YoI,  +  2Yoli  .  .  .   +{n-2)Yoln 

+  Q  10a°  -  (K-A).     (22) 
9x6x6  v  '      v     ' 

This  is  less  than  (21),  but  the  difference 
in  defect,  2  Yol,  where  Yol  is  total  vol- 
ume in  cubic  yards  of  material  removed, 
is  exactly  balanced  by  the  same  differ- 
ence in  excess,  which  is  created  when 
the  haulage  from  axis  to  fill  is  consid- 
ered. 

If  the  irregularity  of  the  ground  sur- 
face make  it  requisite  to  sub-divide  one 
or  more  of  the  100  ft.  volumes,  as  the 
volume  between  H  and  I  in  Fig.  2,  where, 
also,  a  plus  or  intermediate  station,  K', 
instead  of  a  full  station,  terminates  the 
portion  of  cutting  carried  one  way;  the 
same  rule  expressed  in  italics,  second 
paragraph  above,  holds,  but  the  correc- 
tion formula  is,  for  example  above, 

,^[D2(H  +  K-A-I)+D'*(H'-H) 
+  (D— D')2(I— H')+ITa(K'— K)],     (23) 
which  is  simply  a  combination  of  the  cor- 
rection formulae  for  the  volumes  of  dif- 
ferent lengths. 

The  haulage  from  axis  to  fill  is  deter- 
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Fig.  2. 


mined  in  same  manner.     But  the  result 
must  be  multiplied  by 

Excavation  Yol. 

Embankment  Yol. 
for  the  reason  that  the  material  does  not 
occupy  same  space  in  embankment  as  in 
cut.  Ordinary  earths  become  compressed 
to  various  degrees.  Solid  rock  fills  more 
space  in  the  bank.  The  result  of  division 
by  Embankment  Yol.  is  the  number  of 
hundred  feet  from  axis  to  c.  of  g.  of 
embankment,  or  the  true  average  haul 
between.  This  should  be  multiplied  by 
Excavation  Yol.,  because  the  amount  of 
material  should  be  measured  in  the  exca- 
vation. The  sum  of  the  haulage  from 
cut  to  axis  and  from  axis  to  the  Jill  is 
the  total  haulage  from  cut  to  fill. 

The  foregoing  may  be  condensed  into 
the  following  systematic 

RULE. 

To  find  the  haulage  of  material  from 
a  piece  of  railroad  excavation  to  the  em- 
bankment built  therewith,  in  terms  of 
the  haulage  unit,  1  cu.  yd.  hauled  100  ft. 

Consider  a  plane  to  be  passed  midway 
between  two  consecutive  fidl  stations,  as 
nearly  as  possible  between  cut  and  bank. 

Multiply  the  number  of  cubic  yards  in 
each  volume  of  full  [100  ft.']  or  minor 
[less  than  100  ft.]  length,  in  cutting  by 
the  number  of  hundred  feet  its  mid-sec 
tion  is  removed  from  the  plane.  If  any 
such  mid-section  be  on  the  side  of  plane 
toward  the  fill,  its  product  must  be  taken 
as  negative.  The  sum  of  these  products 
is  approximately  the  haulage  from  the 
cut  to.  the  plane. 

To  correct  this  add  the  expression 

D 

9x6x6  (K_A)' 
once  for  every  series  of  consecutive  vol- 
umes of  equal  length,  in  the  cutting,  D 
being  the  length  of  each  such  volume, 
K,  the  area  of  end  cross-section  of  the  se- 
ries, farther  from  the  plane,  and  A,  the 
area  of  end  cross-section  nearer  the  plane. 
Determine  in  exactly  same  manner  the 
haulage  from  the  assumed  pla?ie  to  the 
fill/  but  divide  result  by  number  of  cubic 


yards  in  bank,  and  multiply  quotient,  by 
number  of  cubic  yards  in  cutting.  The 
sum  of  these  is  the  total  haulage  required. 

This  rule,  although  wonderfully  sim- 
ple, in  view  of  what  might  be  expected 
from  so  irregular  a  solid  as  a  railroad 
cutting,  is  absolutely  correct.  It  only 
remains  to  multiply  its  result  by  the 
price  paid  per  unit  of  haulage  to  find  the 
price  to  be  paid  for  the  work. 

The  position  of  c.  of  g.  of  cut  may  be 
determined  in  same  manner  described 
above  for  the  bank. 

It  frequently  occurs  that  portions  of 
excessive  cuttings  are  transported  to 
spoil-banks  near  at  hand.  Often  the  en- 
tire top  is  taken  off  by  scrapers.  The 
accurate  final  estimate  does  not  distin- 
guish between  these  portions.  In  such 
a  case  the  haulage  from  cutting  to  fill, 
as  found  by  rule,  is  not  the  true  haulage. 
Let  Vol'  be  the  amount  in  cubic  yards 
wasted,  as  recorded  in  monthly  estimates. 
LetH'  be  .the  haulage  of  this  amount  to 
waste  pile,  as  determined  in  monthly 
estimates.  The  position,  of  c.  of  g.  of 
this  portion  of  cutting  must  be  known. 
It  can  be  found,  according  to  method  of 
last  paragraph,  at  the  time  when  that 
material  is  measured,  and  its  position 
should  be  recorded.  Let  the  distance  of 
this  position  from  the  c.  of  g.  of  fill  be 
L'.  Now,  the  error  in  the  haulage,  as 
first  calculated,  is  the  result  of  the  ope- 
ration founded  on  the  supposition  that 
YoV  was  moved  to  the  fill  instead  of 
to  the  waste  bank.  The  correction  is, 
in  consequence, 

H'-L'xTol,'.  (24) 

Quite  as  often  it  happens  that  portions 
of  the  embankment  are  built  of  material 
from  borrow-pits  at  hand.  Let  YoV  be 
the  number  of  cubic  yards  borrowed,  as 
measured  in  fill,  H"  the  haulage  thereof. 
and  L"  the  distance  of  c.  of  g.  of  this 
portion  of  fill  from  the  plane.  Let  the 
number  of  cubic  yards  in  entire  part  of 
bank  to  which  material  from  cut  has  been 
hauled  be  Yol'".  This  is  equivalent  with 
expression.  Embankme/itYol,  used  above. 
Then  (Yol'"— Yol")  is  the  portion  of  bank 
brought  from  cut:  and  its  c.  of  <?.. — not 
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the  c.  of  g.  of  Vol'",  as  calculated  in  rule, 
— is  the  terminus  of  average  haul  dis- 
tance from  cutting.  If  L'"  be  the  dis- 
tance of  c.  of  g.  of  fill  from  plane  as 
determined  in  rule,  andLiv,  the  distance 
therefrom  of  c.  of  g.  of  (Vol'"— Vol"), 
then 

7U_L"'VoV  "--L"Vol"  ™ 

Z Vol"'-Vol"      •  (25) 

The  correction  to  be  made  in  mean  haul 
distance  from  cutting  is  (Liv— I/");  and 
the  correction  to  be  made  in  haulage  is, 
when  a  portion  Vol'  of  cut,  has  been  wasted, 

(Liv_L"')  (Vol-Vol')  (26) 


Vol'" -Vol' 


(Vol-Vol')       (27) 


When  nothing  has  been  wasted,  Vol'  in 
(26),  (27)  is  zero. 

The  haulage  H"  from  borrow-pit  is 
usually  kept  separate. 

Formulas  (26),  (27)  are  correct  on  the 
supposition  that  the  correction  (24)  has 
already  been  made. 

It  appears  from  the  foregoing  that  in 
cases  where  parts  of  cuttings  are  wasted, 
or  parts  of  embankments  are  borrowed, 
not  only  should  the  quantities  and  haul- 
age of  such  parts  be  estimated  from 
monthly  measurements,  as  is  always 
done,  but  also  the  centers  of  gravity  of 
these  parts  should  be  established  and 
recorded  at  such  times,  for  use  in  de- 
termination of  total  haulage  finally. 

The  same  methods  apply,  of  course, 
to  the  borrow-pits  and  waste-banks.  The 
method  can  be  readily  modified  to  suit 
all  ju'actical  cases. 

For  another  method,  also  depending 
upon  formula  (1),  of  determining  haul- 
age, when  the  cuts  and  banks  have  been 
calculated  entire,  that  is,  when  the  con- 
tents of  single  volumes  are  unknown; 
also,  for  graphical  methods  of  solving 
the  problems  just  presented,  and  for  de- 
tails concerning  the  terminal  solids  of 
the  banks  and  cuts,  the  reader  is  referred 
to  the  chapter  on  Average  Haul  in  For- 
muloe  for  Railroad  Earthwork,  Quanti- 
ties and  Average  Said,  since  these  de- 
pend partially  upon  formulas  foreign  to 
the  nature  of  this  article. 

The  plan  of  basing  contracts  upon  ex- 
cavation and  haulage  prices,  seems  to  be 
preferred  to  that  which  considers  exca- 
vation and  embankment  prices.  The  ad- 
vantage of  the  former  is  that  any  differ- 


ence in  labor,  occasioned  by  change  in 
amount  of  haulage,  so  often  made  neces- 
sary during  progress  of  work,  is  directly 
provided  for  in  the  original  agreement. 

The  paragraphs  containing  expressions 
(19),  (20),  show  that  the  statical  moment 
of  a  series  of  consecutive,  equally  long 
shapes,  each  of  which  is  represented  by 
some  of  the  forms  of  a  quadratic  func- 
tion, we  may  find  by  assuming  the  c.  of  g. 
of  each  shape  to  be  half  way  between  its 
ends,  then  compounding  the  several 
moments,  and  finally  correcting  by  the 
expression 

TVD2(K-A).  (20) 

To  determine  the  c.  of  g.  of  series,  divide 
foregoing  result  by  V.  Therefore,  find 
the  c.  of  g.  of  series  on  supposition  that 
the  c.  of  g.  of  each  shape  is  in  its  mid- 
section, and  correct  by  adding  to  the 
distance,  of  the  point  thus  found,  from  A 
the  following: 

5KK-A) 
12V 


(28) 


Thus,  formula  (1)  reduces  the  problem, 
to  this  simple  one:  to  find  the  resultant 
of  a  system  of  parallel  forces  in  one 
plane,  whose  intensities  and  positions  are 
given,  the  position  of  this  to  be  corrected 
by  expression  (28).  The  singular  advant- 
age of  formula  (1)  is,  that  its  second  or 
correction-term,  (28),  remains  as  simple 
for  any  number  of  shapes  in  the  series  as 
for  one. 

It  is  evident,  in  consequence,  that  the 
error  of  the  assumption  that  the  c.  of  g.  of 
each  shape  is  in  its  mid-section,  is  com- 
paratively less  as  the  series  is  longer^ 
also,  that  no  error  whatever  results  from 
this  assumption,  when  the  end  areas  are 
equal. 

For  instance,  to  find  c.  of  g.  of  a 
spherical  sector  whose  component  cone 
and  segment  have  equal  altitude,  it  may 
be  assumed  that  the  c.  of  g.  of  each  is 
half  way  between  its  bases. 

To  find  c.  of  g.  of  a  series  of  trapezoids 
such  as  represented  in  Fig.  2,  assume  as 
before  the  c.  of  g.  of  each  to  be  midway 
its  length,  and  correct  the  resulting  posi- 
tion of  c.  of  g.  of  series  by 

D3(H  +  K-A-I)+D'2(H'-H) 

+  (D-Dyfl-HQ  +D'/2(K'-K). 


(29) 


12  V 

The  series  of  trapezoids  may  have  such 
arrangement  that  some  are  negative,  as 
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illustrated  in  Fig.  2,  p.  291.  April  No.  of 
this  Magazine.  When  the  last  ordinate 
is  coincident  with  first,  the  algebraic 
sum  of  trapezoids  is  the  area  of  a  poly- 
gon, included  by  the  top  lines  of  the 
trapezoids,  and  the  c.  of  g.  or  statical 
moment  of  this  polygon  can  be  found  by 
apjDlication  of  formula  (1)  or  (16). 

Suppose  the  polygon  to  be  ABCDEA. 
Let  a,  b,  etc.,  be  the  ordinates  of  the 
vertices;  and  let  a',  b',  etc.,  be  the  cor- 
responding abscissae  of  the  same.  Since 
we  may  at  first  assume  the  c.  of  g.  of 
each  trapezoid  to  be  midway  its  length, 
the  several  moments  of  these  figures, 
when  the  lever  arm  lies  in  the  direction 
of  abscissae,  are, 
for  first, 

Ua  +  b)(b'-a'W(b'  +  a') 

=i(a  +  b)(bfa-u'*),     (30) 
for  second, 

l(b  +  c){c"-b'%  (30a) 


for  last, 

i(e  +  a)(a'2-e,i).  (306) 

The  correction  term,  for  first  trapezoid,  is 

&{b'-a')\b-a);  (31) 


for  last, 

^(a'-e'Y{a-e).  (31«) 

The  sum  of  expressions  (30),  (31),  is 
the  statical  moment  of  polygon,  when 
the  lever  arm  is  parallel  to  abscissae. 
This  may  be  arranged  as  follows : 

$[a(b'  -  e') (e'  +  a'  +  b')  +b(cr  -  a') 
(a'  +  b'  +  c')  . . .  +e(a'-d')(d'  +  e'  +  a')l 

(32) 

To  obtain  abscissa  of  c.  of  g.,  divide 
(32)  by  area  of  polygon,  as  expressed  by 
rule  B,  p.  293,  April  No.  of  this  Maga- 
zine. Accordingly,  distance  c.  of  g.  of 
polygon  is 

i[a(6'  -  e')  (e'  +  a'  +  b')  +  b(e'  -  a') 

(«'  +  V  +  c')  . .  .  +  e(a'  -  d') {cV  +  e'  +  a')~\ 

±[a(V-e')+b{c'  -«')••••  +  e(a'-d')~] 

(33) 

Each  term  of  the  statical  moment  is 
the  product  of  three  factors,  two  of  which 
are  the  factors  of  a  term  of  the  area. 
These  two  factors  need  be  used  once 
only.  This  makes  the  determination 
easy. 


Always,  when  choice  may  be  had, 
place  the  origin  at  one  vertex,  as  at  A. 
Then  a=o,  a'=o.  In  consequence,  one 
term  in  the  numerator,  and  one  in  the 
denominator,  of  fraction,  vanish,  and 
some  of  the  remaining  terms  become 
reduced. 

Each  term  of  the  statical  moment  is 
the  continued  product  of  the  ordinate  of 
each  vertex,  the  difference  between  the 
abscissae  of  the  tvio  adjacent  vertices,  {the 
subtraction  being  made  always  in  same 
direction  around  polygon,)  and  the  sum 
of  the  abscissce  of  the  vertex  itself  and 
the  two  adjacent  vertices. 

To  construct  the  formula  for  tli.e 
ordinate  of  c.  of  g.,  simply  change,  in 
formula  (33),  a,  b,  etc.,  to  a',  b',  etc..  and 
a',  b',  etc.,  to  a,  b,  etc. 

Professor  Weisbach  in  article  112  of 
his  Theoretical  Mechanics,  Eckley  Coxe's 
translation,  demonstrates  a  method  of 
determining  c.  of  g.  of  polygons.  The 
one  above  presented  is,  however,  de- 
cidedly shorter  when  one  co-ordinate 
only  of  the  c.  of  g.  is  required.  When 
both  co-ordinates  are  sought,  there  is 
little  preference  between  them,  this  being- 
in  favor  of  Weisbach's  method. 

The  first  two  columns  of  the  following 
example  are  quoted  from  the  article  in 
Theoretical  Mechanics  above  referred  to. 
The  problem  is  solved  by  the  method  of 
this  paper. 


a' 

a 

24 

11 

7 

21 

-16 

15 

-12 

-  9 

18 

-12 

Double  Area. 


x  11=121 
x  40 --840 
x  19=285 
x -34=306 
x -36=432 

1984 


Sextuple  Stat. 
Moment. 


x  49=  5929 
x  15=12600 
x-21=-5985 
x-10=-3060 
x  30=12960 


22444 


-,.   —1   2  2-444  — Q  771 

To  find  yx,  substitute  a  for  a',  and  a 
for  a,  etc. ;   then  proceed  as  in  above  ex- 
ample. 

Applied  to  a  triangle  ABC.  when  the 
origin  is  placed  at  vertex  A,  formula  (33) 
becomes 

$(l.c'-eb')  (b'  +  c)  _  Stat,  Mom. 
^(bc'-cb')  Area. 

Likewise,         j}(b  +  c)   =,y,j 

The  abscissa  and  ordinate  of  c.  of 


(34) 
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of  the  retaining  wall,  Fig.  3,  the  origin 
being  at  the  left  end  of  lower  base,  are : 

_jr[hd'(d  +  d')+h'(w'-d)(d+d'  +  io')'] 


£hd'  +  A'(w'-d)'] 


(35) 


_t[-dh'(h  +  h')+d'/i(h  +  h')  +w'A")'] 
y»-  R-dA'  +  d'A+w'hl 


(36) 


The  numerator  of  (36)  can  be  reduced. 
For  Fig.  4, 


A 

_6 


[d'{d+d')  +  {w'-d){d+d'+w')] 


A,  ,x 


(37) 


According  to  formula  (1), 


1T      (lo-w')h- 
=sW+      12V 


Fig.  3. 


Fig.  4. 


or,  from  (36),  when  A=A', 
2w+w'  A 
^l~  w+w'    3 

Fig.  5. 


(38) 

(38a) 


To  determine  the  abscissa  of  the  c.  of 
g.  of  the  embankment,  Fig.  5,  which  has 
a  core  of  different  density  from  that  of 
the  covering  material,  we  may  find  the 
abscissa  of  polygon  ABCDEFGHUA, 
and  then  that  of  polygon  JIHGJ,  and 
compound  the  moments,  having  regard 
to  the  unequal  densities.  But  the  prob- 
lem can  be  solved  more  simply  in  one 
operation.  Suppose  y  to  be  the  heavi- 
ness of  covering  material,  and  y'  the 
heaviness  of  core  material.  Now  con- 
sider at  once  the  polygon  ABCDEFGHI 
JIHGA,  regarding  the  ordinates  of  I  and 

y'  .  *'' 
H,  the  second  time  used,  as  —  i. 

r 


r—A. 

Y 


To  obtain  the  ordinate  of  c.  of  g.  of 
whole  dam,  consider  the  same  complete 
polygon,  but  regard  the  abscissas,  when 
used  second  time,  of  all  the  vertices  be- 
longing to  the  core  [J,I,H,  G],  as  if  they 
were  longer  in  ratio  of  y'  to  y. 

If  it  be  desired  to  ascertain  the  com- 
mon c.  of  g.  of  the  water  resting  on 
slope,  and  the  dam  itself,  consider  the 
polygon,  AA'A"CBA,  BCDEFGHIJ,  JI 
HGA,  and  regard,  when  determining  the 
abscissa,  the  ordinates  between  first  and 
second  commas  as  multiplied  by  y,  and 
those  after  second  comma,  as  multiplied 
by  y.  When  determining  the  ordinate 
of  c.  of  g.,  multiply  the  corresponding 
abscissas  by  same  quantities. 


D                     E 

A 

A^l 1-  —  — H-\ 

B 

C/ 

—        s?£- Mr^.^-.^y. \ 

y                    f-L.  _: — : — --^y  _: L_\                        \ 

S 

f-^-f-^-.  -'-r-=-rS  — rJ-rV  V"A 

A 

J                                                   G 

F 

For  the  determination  of  the  statical 
moment,  or  the  c.  of  g.,  of  any  series  of 
trapezoids,  formula  (32)  or  (33)  is  pre- 
ferable to  formula  (16)  or  (1),  when  the 
lengths  are  all  different.  This  is  very 
apt  to  be  the  case  in  that  particular  ar- 
rangement of  trapezoids  which  forms  the 
polygon.  (32),  (33)  are,  therefore,  emi- 
nently suitable  to  this  shape.  When- 
ever a  majority  of  the  trapezoids  have 
equal  lengths,  as  in  Fig.  2,  formula  (1) 
is  to  be  preferred. 

As  it  usually  happens  that  the  areas 
and  volumes  of  practical  shapes  are  cal- 
culated for  other  purposes  in  advance  of 
the  determination  of  centers  of  gravity, 
formula  (33)  is  generally  in  simplest 
form.  When  the  area  of  polygon  is 
neither  known  nor  required,  expression 
(33)  can  be  always  reduced  by  cancela- 
tion of  common  factor  \,  and  frequently 
can  be  much  further  simplified,  as  in  case 
of  triangle,  and  to  form  expressions  (37), 
(38a). 

The  denominator  of  (33),  when  that 
formula  expresses  the  abscissa,  is  equal 
with  in  value,  though  different  in  form 
from,  the  denominator  of  (33)  when  it 
expresses  the  ordinate  of  c.  of  g.  There- 
fore, the  denominator  need  be  calculated 
once  only.  Thus  the  denominators  of 
(35),  (36)  are  the  same  in  value,  each 
representing  the  area  of  the  polygon. 
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By  RICHARD  GERNER,  M.  E. 
Written  for  Van  Nostrand's  Magazink. 


By  way  of  repeating  a  frequently 
quoted  remark,  with  a  view  of  impress- 
ing its  significance  upon  the  reader's 
mind,  be  it  stated  that  there  is  no  pro- 
fession which  is  so  interwoven,  not  only 
with  other  professions,  but  also  with  the 
more  ideal  and  oftentimes  fanciful  walks 
of  the  human  mind,  as  that  of  the  me- 
chanical engineer.  We  see  the  engineer's 
handiwork  in  that  of  the  architect,  the 
builder,  and,  in  brief,  the  representative 
of  almost  every  industry,  trade  and  pro- 
fession. This  is  only  natural,  for  wher- 
ever ingenuity  is  called  into  play,  wher- 
ever primitive  nature  is  to  be  recon- 
structed for  the  practical  comforts  of 
mankind,  wherever  necessity  or  ambition 
drives  the  human  mind  into  the  realms 
of  mechanical  genius,  the  engineer  is  at 
his  station, 

"Placed  on  this  isthmus  of  a  middle  state, 
A  being  darkly  wise,  and  rudely  great." 

There  was  a  time  when  his  services 
were  required  solely  in  the  solution  of 
practical  life  problems — as  simply  to 
span  the  river  with  a  bridge,  and  myriads 
of  similar  questions. 

"Great  nature  spoke;  observant  man  obeyed," 

and  civilization  grew  out  of  primitiveness. 

But  now  that  we  are  established,  now 
that  our  wants  are  supplied,  now  that  we 
are  at  leisure  to  turn  from  the  merely 
problematic  to  the  consideration  of  work 
of  improvement,  let  us  lend  an  ear  to  the 
dictates  of  the  mind,  the  heart  and  the 
soul;  and  while  continuing  in  our  work 
to  minister  to  the  bodily  wants  of  man- 
kind, see  if  we  cannot  apply  our  work  to 
the  aggrandizement  of  the  beautiful  and 
the  sublime,  or,  vice  versa,  the  flights  of 
art,  imagination  and  poetry,  to  the  eleva- 
tion of  our  work. 

You  would  not  have,  rising  on  a  foaming, 
craggy  promontory,  a  huge,  rude  tripod, 
supporting  a  torch  to  warn  the  storm- 
tossed  mariner  off  the  breakers,  or  a  few 
planks  thrown  carelessly  across  a  stream 
to  afford  a  transit,  or  a  clumsy  pipe  stick- 
ing out  from  a  basin  to  represent  the 
fountain  of  a  garden,  or  a  bell  tolling 
from  an  uncouth  gallows  to  call  the  pious 
to  their  devotions. 


Each  serves  the  purpose  for  which  it 
was  intended,  it  is  true ;  mariners  would 
not  be  safer,  transit  less  difficult,  jets  of 
water  less  brilliant  or  bell  peals  less  in- 
spiring, were  it  otherwise.  But  it  is  an 
outrage  upon  our  sense  of  the  beautiful. 

What  you  want  is  to  behold  a  Bedloe's 
Island  Gift  of  France  rising  from  every 
surging  shore,  a  Girard  Avenue  Bridge 
over  every  stream,  a  Loreli  or  Neptune 
in  bronze  splashing  from  every  fountain 
basin,  and  a  Trinity  Church  steeple  every- 
where to  proclaim  the  hour  of  devotion. 

How  uncivilized  they  would  feel  in 
Philadelphia,  had  they  to  miss  their  Fair- 
mount  Water  Works,  and  then'  water  to 
be  taken  from  the  Schuylkill  and  the 
Delaware,  borne  in  barrels  on  mules 
through  the  city  and  sold  for  a  penny  a 
gallon  to  the  inhabitants,  as  is  now  prac- 
tised in  the  far  Orient,  and  the  land  of 
the  Southern  Cross;  how  unprogressive 
we  should  feel,  in  New  York,  had  we  to 
want  our  gas  works,  and  to  light  up  our 
proud  metropolis  with  small  oil  lamps, 
secured  on  wooden  posts,  as  now  yet 
practised  half  the  civilized  world  over. 

How  odious  such  comparisons.  And 
yet,  those  who  do  not  possess  these  ad- 
vantages cannot  appreciate  what  it  is  to 
want  them;  people  never  miss  what  they 
never  had ;  they  feel  comfortable  in  their 
misery. 

"  See  the  blind  beggar  dance,  the  cripple  sing, 
The  sot  a  hero,  lunatic  a  king ; 
The  starving  chemist  in  his  golden  views 
Supremely  blest,  the  poet  in  his  muse." 

And  again,  do  you  doubt  that  our  pos- 
terity will  make  such  comparisons  be- 
tween their  state  of  civilization  an  d  ours  ? 
Will  the  Captain  Nemos  and  the  Profes- 
sor Wises  of  those  days  not  smile  in  de- 
rision upon  the  diving  bell  and  the  bal- 
loon ascensions  of  the  nineteenth  cen- 
tury? Will  the  engineers  and  builders 
of  the  great  unknown  fxtture  of  mankind 
not  jest  over  the  priinitiveness  of  this 
age,  in  contemplating  the  colossi  of  New 
York,  San  Francisco,  Yokohama,  London 
and  where  not?  The  Island  statuary 
Gift  of  Greece  to  France,  of  Italy  to 
Germany,  of  Spain  to  England,  etc.? 
The  Miltonian  tunnels  through  the  An 
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des,  the  Himalayas,  the  Bockys  and  the 
Alps,  resembling  gates  to  the  Infernal 
Eegions,  on  whose  hinges  yon  might 
fancy  hearing 

" —  grate 
Harsh  thunder,  that  the  lowest  bottom  shook 
Of  Erebus" 

for  electric  locomotives  to  flash  through? 
the  stupendous  structures  over  the  rivers, 
as  the  Eagle  spreading  its  bronze  wings 
over  the  Hudson;  the  Crescent  stretch- 
ing its  arc  over  the  Dardanelles,  the  Lion 
leaping  the  Thames,  or  the  Tea  Leaf 
Bower  gracefully  spanning  the  Yangste- 
Xiang  ?  Shall  we  not  suffer  ridicule  and 
humiliation  ? 

Shall  that  ever  be  with  us?  No! 
Then  teach  your  engineers  the  legends 
of  all  nations  and  climes,  mount  where 
fancy  guides,  study  the  dreams  of  our 
poets,  observe  the  thoughts  of  our  art- 
ists, follow  where  history  leads,  and  lift 
your  gaze  into  the  clouds,  so  that  Alad 
din  may  be  seen  standing  on  some  rocky 
isle,  illuminating  with  his  wonderful  lamp 
the  gloom  of  the  dangerous  waters,  and 
Lohengrin  ascending  the  Hudson,  bear- 
ing a  pleasure  party  in  his  shell,  so  that 
dragons  may  fly  over  the  rails,  on  festive 
occasions,  and  ice  bears  spit  the  spark- 
ling soda;  so  that  our  cities  may  be 
graced  with  Vulcans  supplying  us  with 
gas,  and  Bebeccas  with  water,  and  so 
that  the  splendors  of  the  empires  of 
romance  and  reality  may  be  symbolized 
to  beautify  our  works  of  to-day. 

Why  should  things  be  done  clumsily 
when  they  might  just  as  well  be  done 
handsomely?  A  nation  in  whom  the 
sense  of  the  beautiful  is  deadened,  is 
little  more  than  a  colony  of  barbarians.    I 

But  it  must  be  remembered  that  there 
is  a  marked  line  between  going  to  work 
in  a  reasonable  manner  and  going  into 
extremes.  There  are  instances  where  the 
old  epigram,  "beauty  unadorned,  adorns 
the  most,"  finds  a  remarkably  good  appli- 
cation. 

Take  the  steam  engine  of  to-day.  Ob- 
serve as  it  exists  in  its  height  of  perfec- 
tion, how  graceful  its  proportions,  how 
beautiful  its  curves,  and  how  tasty  its 
form.  How  proudly  the  engineer  gazes 
upon  that  child  of  his  brain.  Would  he 
feel  the  better,  do  you  suppose,  were  the 
fantastic  dreamer  to  seize  upon  its  sym- 
metry and  simple  charm,  and  transform 
the  piston-rod  into  the  sword  of  the  Duke 


of  Glo'ster,  and  the  cylinder  into  the  aged 
breast  of  Henry  VI?  Not  while  such 
designers  as  Mr.  Babcock  or  Mr.  Corliss 
are  living  to  give  life  to  such  engines  as 
we  have  seen  displayed  at  our  Centennial 
Exhibition  and  elsewhere.  What  ex- 
quisite regularity  and  grace  of  motion ; 
there  is  almost  poetry  in  it.  There  is  as 
much  food  for  the  mind  of  the  dreamer 
in  the  engine-room  of  a  steamer  as  in  a 
romantic  wilderness,  where,  in  the  former 
case,  he  is  tranquilized  and  wrapped  up 
into  a  delicious  brown  study  in  the  ob- 
servation of  the  regular,  alternate,  up-and- 
down  stroke  of  the  steel  bars  in-  their 
journals,  and  in  the  latter  case,  per- 
chance, in  the  dripping  of  successive  crys- 
tal drops  from  out  of  a  rock  into  a  tiny 
pool. 

Who  is  there  that  can  stand  within  a 
leap  of  a  railroad  track  and  not  feel 
stirred  into  the  innermost  confines  of  his 
feelings,  with  the  sublime  grandeur  that 
takes  momentary  possession  of  his  entire 
self  when  the  locomotive  dashes  by? 

Who  is  there  so  hardened  to  fancy  that 
he  cannot  penetrate  into  a  gloomy  tunnel  # 
and  not  imagine  himself  on  his  way  to 
fantastic  abodes:  of  the  throne  of  the 
monarch  of  the  dwarfish  miners,  of  the 
old  Teutonic  legends,  of  the  chamber  of 
the  Queen  of  night,  or  of  the  realms  of 
Satan  himself? 

But  it  were  purposeless  to  cite  further 
instances;  go  where  you  will,  into  any 
dej)artment  of  engineering,  you  will  en- 
counter apj)eals  to  your  admiration,  your 
wonder,  your  emotions,  and,  perhaps, 
your  passions. 

Whence  we  observe  that,  of  all  things, 
engineering  is  less  incompatable  with  the 
beautiful  and  the  sublime  than  many  be- 
lieve, and  is  more  indispensable  to  the 
furtherance  of  the  beautiful,  the  sublime 
and  the  poetical  than  many  know. 

Of  this  latter  we  have  a  striking  exem- 
plification near  at  hand.  All  the  splen- 
dor, the  beauty,  the  wonder  and  the 
grandeur  of  the  spectacle  of  Baba,  lately 
on  the  boards  of  the  New  York  stage, 
where  would  it  be  but  for  the  engineer? 
Eeople  go  there  and  praise  the  author 
for  the  charming  fairy  tale  he  has  told 
us,  and  the  artist  for  the  magnificent 
illustratory  scenes  he  has  painted  us, 
without  taking  into  consideration  that, 
but  for  the  genius  of  Mr.  Sherwood,  the 
designing   engineer,   the   literature   and 
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the  art  of  the  play  would  all  be  in  vain, 
towards  approximating  to  the  results 
attained. 

It  is  in  this  manner  that  we  see  engi- 
neering- play  its  part  in  every  depart- 
ment of  human  activity;  even  in  the 
activity  of  the  imagination,  and  we  see 
the  utility  of  the  engineer  being  versed 
in  art,  romance,  etc.,  no  less  than  the 
artist  or  the  scholar.  He  cannot  be  too 
thoroughly  acquainted  with  any  depart- 
ment of  human  learning;  his  profession 
is  at  once  an  art,  a  science,  and  an 
industry. 

It  shovdd  be  remembered  that  it  is  not 
so  much  the  detail  beauty  of  a  structure 
which  wins  a  reputation  for  the  author, 
but  the  boldness  of  its  conception;  and 
and  boldness  in  this  regard  is  an  attri- 
bute of  that  mind  which  has  roamed 
unrestricted  through  all  the  confines  of 
knowledge. 

Decoration  in  detail  is  very  good  in 
some  instances,  and  has  won  a  name  for 
many  a  designer,  but  it  will  be  observed 
that  the  greatest  triumph  is  reserved  for 
him  who  at  once  conceives  an  ornament 
in  the  construction  of  the  whole. 

As,  for  instance,  to  construct  a  bridge 
in  a  mountainous  or  rocky  region  after 
the  model  of  a  bridge  of  the  middle  ages, 
one  of  those  immense,  gaunt,  grim  struc- 
tures, which  look  so  well  on  canvas,  and 
which  would  be  so  proper  on  some  rivers 
adapted  by  nature  to  be  associated,  in  its 
surroundings,  with  such  a  bridge. 

Beauty  in  structures  to-day  depends 
somewhat  more  upon  style  and  taste 
than  on  fanciful  conception.  Everything 
is  aimed  at  simplicity;  designs  lose  the 
intricacies  of  those  of  the  sixteenth 
and  seventeenth  centuries;  surfaces  are 
smooth  to-day  in  contrast  with  the  heavy 
decoration  of  those  days ;  in  many  cases, 
the  simplicity  has  become  almost  to 
severe. 

This  is  but  an  era  of  style,  as  there 
have  been  so  many  eras,  and  so  many  as 
there  are  yet  to  come,  and  the  simplicity 
of  to-day,  while  it  may  find  resurrection 
in  some  future  age,  may  be  replaced 
to-morrow  by  that  ponderous  ornament 
which  it  rejDlaced  yesterday. 

The  engineering  fashions  of  to-day 
seem  very  much  in  accordance  with  the 
general  intellectual  levity  of  the  age ;  the 
outward  tout  ensemble  of  our  metropolis 
speaks  of  easy  elegance  rather  than  of 


solid  magnificence.  As  an  example  may 
be  cited  the  Girard  avenue  bridge  in 
Philadelphia,  and  also  the  latter-day 
park  and  illumination  improvements  in 
New  York.  They  are  entirely  in  har- 
mony with  the  character  of  gay  flashy 
capitals.  London,  Paris,  Vienna,  Berlin 
and  St.  Petersburg  look  to-day  as  they 
did  a  century  or  two  ago,  as  much  as  the 
gas  fixtures  of  those  days  look  like  the 
gas  fixtures  of  to-day. 

The  Fairmount  Bridge  at  Philadelphia 
is  an  attempt  at  a  contrast,  and  was  built 
on  an  entirely  different  conception.  Un- 
fortunately, it  is  partly  a  failure.  Mr. 
A.  P.  Boiler,  in  his  work  on  "Iron  High- 
way Bridges,"  calls  it  a  "  huge  architec- 
tural fraud,"  and  with  justice,  for  "in- 
stead," Mr.  Boiler  says,  "of  letting  the 
enormous  trusses  stand  in  all  their  gran- 
deur, depending  wholly  upon  judicious 
painting  and  the  design  of  the  cornices 
and  railing  for  their  aesthetic  effect, 
thousands  of  dollars  have  been  spent  in 
actually  covering  up  the  trusses,  to  a 
great  extent,  with  sheet-iron,  forming 
an  arcade,  as  it  were,  of  great  massive- 
ness,  by  arching  between  the  posts  of 
the  trusses,  the  arches  springing  from 
large  Roman  sheet-iron  capitals,  about 
halfway  down  the  posts !  The  result  is 
that,  at  a  little  distance,  the  specta- 
tor beholds  an  arcade,  without  any 
visible  means  of  support,  for  310  feet. 
To  be  thoroughly  consistent,  the  archi- 
tect of  this  constructed  decoration  should 
have  at  least  sanded  his  sheet-iron  when 
painted,  and  marked  in  strong  lines  the 
joints  that  masonry  of  similar  forms  sug- 
gests." 

The  bridge  is  built  in  violation  of  the 
Ruskinian  axiom :  "  Decorate  the  con- 
struction, but  do  not  construct  decora- 
tion." "  Such  a  principle  conscientiously 
kept  in  view,"  continues  Mr.  Boiler,  '-can 
only  result  in  good  work.  Its  violation, 
in  a  majority  of  cases,  results  in  a  de- 
moralization of  the  taste  of  the  commu- 
nity. Public  works,  in  a  sense,  play  a 
part  in  the  education  of  a  people,  and 
their  authors  and  builders  consequently 
have  a  responsibility  in  addition  to  the 
mere  utilitarian  idea  of  endiu-ance  and 
safety." 

The  axiom  just  enumerated  can  only 
violated  under  peculiar  circumstances. 
and  then  only  by  men  who  have  their 
wits  about  them.     An  error  is  fatal,  as 
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in  the  case  of  the  Fairmount  Bridge.  In 
all  other  respects  it  "  is  a  monument  to 
its  designer  and  an  honor  to  American 
engineering." 

Ruskin,  be  it  stated,  in  his  axiom,  did 


The  Blue  Process  op  Copying  Tracings. 
— In  a  short  paper  read  before  the  Insti- 
tute of  Mining  engineers  Mr.  P.  Barnes  gave 
the  following  summary  of  the  manipulations 
required  in  this  process :  1.  Provide  a  fiat  board 
as  large  as  the  tracing  which  is  to  be  copied. 
2.  Lay  on  this  board  two  or  three  thicknesses 


not  mean  to  say  that  a  thing  was  not  to  i  of  common  blanket,  or  its  equivalent,  to  give  a 

be  constructed  because  it  was  an  orna-  j  sli§n,t]y  yielding  backing  f or  the  paper.    3.  Lay 

merit     such    as    a    statnarv    lie-ht-honse     0n  *h.e  blanket  the  prepared  paper  with  the 
mem,    sucn    as   a    statuaiy ■   iignt  nouse.   sensitive  side  uppermost.    4.  Lay  on  this  paper 

The  terms  ornament  and  _  decoration  |  the  tracing,  smoothing  it  out  as  perfectly  as 
are  not  convertible ;  decoration  is  that 
which  serves  to  beautify,  adorn  or  em- 
bellish something  else,  such  as  a  struc- 
ture ;  an  ornament  is  a  decoration  hi 
itself,  or,  perhaps,  a  decoration  of  the 
general  surroundings;  thus,  a  frescoed 
ceiling  is  a  decoration,  while  a  fountain 
is  an  ornament/  an  ornament  may  be 
decorated,  but  never  a  decoration  orna- 
mented. Ruskin  referred  strictly  to  deco- 
rations. Webster  does  not  make  this 
distinction,  but  I  think  I  shall  be  sus- 
tained in  making  it  here. 

Another  departure  from  the  style  of  the 
age  is  rustic  work,  and  the  specimens  in  j  For  the  sensitizing  solution  take  \%  oz.  citrate 
the  Central  Park  of  New  York  furnish 
excellent  examples  of  the  beauty  and 
practicability  of  such  work  in  bridges, 
steps,  cottages  and  railings. 


perfectly 

possible  so  as  to  insure  a  perfect  contact  wiih 
the  paper.  5.  Lay  on  the  tracing  a  plate  of 
clear  glass,  which  should  be  heavy  enough  to 
press  the  tracing  close  down  upon  the  paper. 
Ordinary  plate-glass  of  %  in.  thickness  is  quite 
sufficient.  6.  Expose  the  wholp  to  a  clear  sun- 
light, by  pushing  it  out  on  a  shelf  from  an 
ordinary  window,  or  in  any  other  convenient 
way,  for  six  to  ten  minutes.  If  a  clear  skylight 
only  can  be  had,  the  exposure  must  be  con- 
tinued for  thirty  or  forty-five  minutes,  and 
under  a  cloudy  sky  sixty  to  ninety  minutes  may 
be  needed.  7.  Removeflthe  prepared  paper  and 
drench  it  freely  for  one  or  two  minutes  in  clean 
water,  and  hang  it  up  by  one  corner  to  dry. 
Any  good  hard  paper  may  be  employed  (from 
even  a  leaf  from  a  press  copy-book  up  to  Bristol 
board)  which  will  bear  the  necessarry  wetting. 


Style,  in  construction,  depends   in   a 


of  iron  and  ammonia  and  8  oz.  clean  water; 
and  also,  1J£  oz-  red  prussiate  of  potash  and  8 
oz.  clean  water;  dissolve  these  separately  and 
mix  them,  keeping  the  solution  in  a  yellow 
glass  bottle,  or  carefully  protected  from  the 
Tight.  The  paper  may  be  very  conveniently 
coated  with  a  sponge  of  four  inches  diameter, 


great  measure  upon  the  materials  at  the !  with  one  flat  side-     The  PaPer  maJ  be  g°ne 

command  of  the  engineer.     The  somber-  i  °™' °DCe  wijh  the  sV°*f.  quite  moist  with  the 
„  ..         .    ,       P.,  .  -.  ,,  solution,   and  a  second  time  with  the  sponge 

ness  of  the  style  of  the  middle  ages  was  squeezed  very  dry.     The  sheet  should  then  be 


due  as  much  to  the  stone  then  at  their 
command  as  to  anything  else.  And  so  it 
was  in  ancient  history.  Rome  was  built 
essentially  of  marble  and  granite,  and 
hence,  in  great  massiveness.  We  do  not 
depend  upon  stone  only  to-day.  Our 
progress  in  chemical  and  physical  scieuce 
has  given  us  the  metals  and  other  mate- 
rial, and  the  result  is  necessarily  light- 
ness in  construction.  They  have  aided 
us  in  conceiving  of  bolder  engineering 
projects,  but  they  have  not  by  any  means 
reached  the  maximum  of  their  adapt- 
ability. Only  when  they  are  utilized  in 
the  repetition  of  the  engineering  won- 
ders of  the  ancients,  and  when  our  cities 
partake  of  the  magnificence  and  grandeur 
of  the  capitals  of  Nero,  Sardanapalus  and 
others,  shall  this  have  been  attained. 
And  with  our  facilities,  we  shall  be  able 


laid  away  to  dry  in  a  dark  place,  as  in  a  drawer, 
and  must  be  shielded  from  the  light  until  it  is 
to  be  used.  When  dry  the  paper  is  of  a  fnll 
yellow  or  bronze  color;  after  the  exposure  to 
the  light  the  surface  becomes  a  darker  bronze, 
and  the  lines  of  the  tracing  appear  as  still 
darker  on  the  surface.  Upon  washing  the  paper 
the  characteristic  blue  tint  appears,  with  the 
lines  of  the  tracing  in  vivid  contrast. 

The  Zabiaka,  the  fourth  and  last  of  the  Rus- 
sian cruisers,  built  at  Philadelphia,  is  re- 
ported to  have  averaged  over  fifteen  knots  an 
hour  on  her  trial  trip.  The  Zabiaka  is  220ft. 
long,  has  30ft.  beam,  moulded,  17ft.  6in.  depth 
of  hold,  and  has  a  mean  draught  of  lift.  9in. 
She  is  bark  rigged  and  carries  a  great  deal  of 
canvas;  is  about  the  same  length  as  the  Ala- 
bama, and  is  said  to  look  like  that  famous  pri- 
vateer externally.  The  battery  consists  of  six 
rifled  breech-loading  guns  of  Russian  manufac- 
ture, sent  from  St.  Petersburg,  and  made  of 
cast  steel.  Four  are  of  4in.  bore  and  are  broad- 
sides, the  other  two  are  of.  the  6in.  bore  and  are 
pivot  guns.  All  are  to  be  mounted  on  the  spar 
deck,  and  the  pivot  guns  will  train  in  any  direc- 


to  remodel  the  appearance  of   our  sur 

roundings  in  a  manner  that  will  outvie  I tion-     The  interior  arrangements  of  the  Zabiaka 
..       »      5    i.  j.-  j!j.i       iii     l  i  are — according  to  the  American  Army  and  Jyavu 

the  fondest  conceptions  of  the  boldest  I  .jT/.„,™v*7_™,w&i0  ^  a™  ^rirmonew*  a-nA  ™*. 

and  most  extravagant  dreamer 


Journal — models  of  fine  workmanship  and  con- 
venience. 
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By  W.  H.  PENNING,  F.G.S. 
From  "The  Engineer." 


In  the  execution  of  engineering  works, 
however  scientific  in  design  and  clever  in 
workmanship,  failure  has  frequently 
usurped  the  place  of  success,  because  due 
attention  has  not  been  paid  to  geological 
phenomena.  The  same  may  be  said  of 
building  operations;  whilst  it  is  notori- 
ous that  vast  sums  of  money  have  been 
thrown  away  in  mining  speculations 
which  would  at  once  have  been  charac- 
terized as  hopeless  by  any  one  j>ossessing 
the  slightest  acquaintance  with  geology. 
Although  a  knowledge  of  this  science  is 
undoubtedly  a  great  acquisition,  which 
affords  both  pleasure  and  profit  to  the 
possessor,  it  is  not  possible,  nor  even  de- 
sirable, for  all  professional  men  to  be- 
come proficient  geologists.  Those  for 
whom  these  papers  are  more  especially 
intended  have  too  many  claims  upon 
their  time  and  attention  to  bestow  either 
upon  a  study  of  abstract  principles,  laws, 
and  theories,  which  do  not  relate  to  their 
own  particular  science,  art,  or  occupa- 
tion ;  but  they  may  with  advantage  avail 
themselves  of  the  labors  of  others,  when 
the  results  of  those  labors  bear  directly 
and  in  a  very  important  degree  upon  the 
stability  or  success  of  the  works  whereon 
they  are  engaged. 

The  engineer  certainly  should  make 
himself  acquainted  with  the  geology  of  a 
district  through  which  a  line  of  railway 
is  to  be  constructed  from  his  designs  and 
under  his  superintendence.  He  should 
ascertain  the  nature  of  the  various  rocks 
that  will  be  met  with,  not  only  at  and  near 
the  surface  of  the  ground,  but  for  a  con- 
siderable distance  below;  their  relation 
to  each  other,  and  the  consequent  in- 
fluence they  will  exert  over  the  works  in 
contemplation.  "Trial-holes"  are  gen- 
erally dug  for  this  purpose,  but  these  are 
simply  pits  excavated  to  a  depth  of  a  few 
feet,  and  afford  information  which,  al- 
though valuable  in  itself,  extends  only  to 
the  superficial  deposits.  Borings  are 
sometimes  made,  but  are,  in  most  cases, 
too  costly ;  and  however  numerous  these, 
or  trial-holes  may  be,  both  fall  far  short 
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of  what  can  be  achieved  in  the  same  di- 
rection through  the  methods  employed 
by  the  field-geologist.  By  these  he  de- 
termines not  only  the  kind  of  rocks  oc- 
curring at  or  near  the  surface,  but  also 
their  position  in  regard  to  each  other; 
and  is  enabled  to  indicate  with  reasona- 
ble accuracy  what  strata  will  be  met  with, 
and  in  what  successsion,  to  a  depth,  it 
may  be,  of  several  hundred  feet;  and 
these  results  of  his  labors  include  not 
merely  a  knowledge  of  what  beds  would 
be  pierced  in  sinking  a  well,  or  in  ex- 
cavating trenches  for  foundations,  such 
as  would  be  afforded  equally  by  trial- 
holes  or  borings  of  sufficient  depth;  but 
they  embrace  also  the  important  points 
of  the  "lie"  of  the  beds,  the  order  of 
their  superposition,  their  outcrop,  dip, 
and  consequent  water-bearing  properties  ; 
by  all'  of  which  the  stability  and  dura- 
bility of  engineering  works  are  greatly 
affected.  One  cannot  fail  to  perceive  how 
differently  placed  or  constructed  would 
have  been  many  of  the  most  important 
works,  such  as  fortifications,  railway-cut- 
tings, embankments,  tunnels,  and  even 
sewers,  had  those  who  designed  them 
been  acquainted  with  the  principles,  me- 
thods, and  results  of  field-geology;  or 
how  much  capital  might  have  been  use- 
fully instead  of  fruitlessly  expended,  or 
how  many  catastrophes  would  have  been 
averted.  Mention  has  already  been 
made  of  costly  sinkings  for  minerals, 
where  they  could  not  possibly  have  been, 
found;  large  sums  of  money  have  also 
been  wasted  in  equally  fruitless  searches 
for  water.  Yet  water-supply  is  as  amena- 
ble to  known  laws  as  any  other  phenome- 
non of  Nature,  and  within  certain  limits 
it  may  be  determined  without  experi- 
ment. Although  the  divining  rod  has 
not  even  yet  ceased  to  be  a  power 
amongst  foolish  people  in  certain  locali- 
ties, its  days  are  surely  numbered :  men 
must,  sooner  or  later,  come  to  see  that 
springs  are  merely  water  finding  its  own 
level,  and  that  for  water  to  issue  forth  .at 
one  part  of  the  earth's  surface,  it  must 
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have  been  absorbed  at  another.  When 
the  conditions  affecting  its  absorption  by 
and  passage  through  the  strata  of  a 
district  are  known  or  can  be  discovered, 
the  existence  of  springs,  their  depth 
from  the  surface,  and  the  height  to 
which  they  will  ascend,  can  be  approxi- 
mately, if  not  with  extreme  accuracy,  de- 
termined. In  his  "Rudimentary  Geo- 
logy," Major-General  Portloek  has  truly 
and  eloquently  said,  "Geology  is  now  a 
true  science,  being  founded  on  facts  and 
reduced  to  the  dominion  of  definite  laws, 
and  in  consequence  has  become  a  sure 
guide  to  the  practical  man.  The  miner 
finds  in  it  a  torch  to  guide  him,  in  his 
subterranean  passage,  to  the  stratum 
where  he  may  expect  to  find  coal  or  iron, 
or  to  the  recovery  of  the  mineral  vein 
which  he  has  suddenly  lost ;  the  engineer 
is  guided  by  it  in  tracing  out  his  roads 
or  canals,  as  it  tells  him  at  once  the 
firmest  stratum  for  supporting  the  one, 
and  the  easiest  to  cut  through  for  the 
other,  and  makes  him  acquainted  with 
the  qualities  of  the  materials  he  should 
use  in  his  constructions,  and  the  locali- 
ties where  he  should  seek  them;  the 
geographer  finds  his  inquiries  facilitated 
by  learning  from  geology  the  influence 
of  the  mineral  masses  on  the  form  and 
magnitude  of  the  mountains  and  valleys, 
and  on  the  course  of  rivers ;  the  agri- 
culturist is  taught  the  influence  of  the 
mineral  strata  on  vegetable  and  animal 
life,  and  the  statesman  discovers  in  the 
effects  of  that  influence  a  force  which 
stimulates  or  retards  population;  the 
soldier  also  may  find  in  geology  a  most 
valuable  guide  in  tracing  his  lines  both 
of  attack  and  defense ;  and  it  is  thus  that 
a  science  rich  in  the  highest  objects  of 
philosophical  research  is  at  the  same 
time  capable  of  the  widest  and  most 
practical  application." 

In  the  following  papers  rules  and 
methods  relating  to  stratigraphical  geol- 
ogy only  are  given;  as  the  geological 
conditions  which  affect  engineering  and 
similar  works  are  the  extent  of  the  vari- 
ous strata,  their  lithological  character, 
and  order  of  succession.  It  matters  not 
what  may  have  been  the  forms  of  Life 
during  the  ages  when  the  strata  were 
deposited,  what  their  relations  to  those 
older  or  more  recent,  or  what  the  order 
of  their  appearance  in  time;  although 
the   evidence  upon    these    questions   is 


as  strong  and  as  interesting  as  any  upon 
which  is  based  the  science  of  geology. 
The  rocks  will  be  treated  merely  as 
stones,  clays,  and  sands  of  varying 
quality;  some  possessing  commercial 
value  and  great  utility;  others  having 
qualities  to  be  guarded  against  in  all 
mechanical  operations ;  some  only  exhib- 
iting water-bearing  properties;  but  all 
worthy  of  study,  independently  of  the 
old-world  histories  which  they  contain. 
The  names  of  places  are  given  only  in 
particular  instances,  such  as  those  of 
mines,  important  quarries,  notable  sec- 
tions, and  so  on,  it  having  been  con- 
sidered advisable  not  otherwise  to  refer 
to  localities  in  the  description  of  the 
rocks.  These  are  mentioned  generally, 
and  under  specific  denominations  geo- 
logical maps  indicating  much  more 
readily  the  formation  at  any  particular 
spot  than  a  lengthy  reference  to  the 
many  places  which  must  otherwise  have 
been  mentioned  as  situated  on  an  ex- 
tended outcrop.  The  main  object  of 
these  papers  is  to  enable  the  observer  to 
discover  and  for  all  practical  purposes  to 
trace  out  for  himself  the  nature  and 
extent  of  the  rocks  with  which  he  is  con- 
cerned. The  "drifts"  are  usually  omitted 
from  the  maps;  these  are  a  series  of 
superficial  deposits  not  shown  on  any  of 
the  older  geological  charts,  and  noticed 
on  only  a  few  of  the  more  recent  official 
publications.  They  consist  chiefly  of 
clays  and  gravels  of  peculiar  character, 
which  are  found  here  and  there  upon  the 
older  rocks,  on  hills  and  in  valleys,  with 
no  very  definite  mode  of  occurrence.  A. 
section  is  devoted  to  a  brief  description 
of  these  deposits,  with  the  methods  of 
tracing  and  mapping  them,  as  they  must 
be  treated  from  a  practical  point  of  view, 
in  the  same  way  as  the  older  and  more 
important  formations. 

Geological  Strata:  Their  Nature, 
Relation,  and  Rearing  upon  Practical 
Works. — The  earth's  crust  consists  of  a 
great  number  of  alternating  rocky  layers, 
various  in  kind,  thickness,  and  extent, 
but  always  in  regular,  if  not  in  3onstant_ 
sequence.  The  uppermost  have  been 
formed  in  a  great  measure  from  the 
waste  of  those  beneath,  in  the#same  way 
as  the  material  now  being  deposited  on 
the  bottom  of  the  sea  has  been  derived 
from  the  denudation  of  the  existing  dry 
land.     These  layers  are  but  rarely  hori- 
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zontal,  and  they  bear  evidence  of  having 
been  subjected  to  an  upheaving  force 
which  has  acted  at  various  times,  un- 
equally and  with  different  degrees  of 
intensity,  beneath  every  portion  of  the 
earth's  surface.  There  have  been  corre- 
sponding, and  on  the  whole  nearly  equal, 
movements  of  depression,  and  all  areas 
have  frequently  been  dry  lend,  again  to 
be  covered  by  the  waters  of  the  ocean. 
It  is  owing  to  this  inequality  in  the 
upheaval  of  the  beds,  and  to  their  con- 
sequent partial  destruction  by  the  sea, 
that  the  lower  and  older  strata  are  now 
exposed  at  the  surface  of  the  ground, 
and  that  we  are  enabled  to  classify  the 
rocks  and  to  decipher  their  ancient 
history.  The  formations,  of  which  the 
denuded  edges  are  thus  bared  and 
thrown  open  to  our  inspection,  are 
indicated  by  different  tints  upon  geolog- 
ical maps.  If  it  be  borne  in  mind  that 
each  of  the  areas  thus  distinguished  rep- 
resents, as  a  general  rule,  the  edge  and 
not  the  surface  of  a  formation,  the 
proper  understanding  of  a  geological 
map  is  much  facilitated.  It  is  evident 
that  were  these  variously-colored  por- 
tions each  indicative  of  an  original  sur- 
face, the  rocks  so  depicted  would  gener- 
ally be  the  newest,  as  overlying  those 
which  are  hidden  beneath.  But  their 
edges  only  being  exposed  and  portrayed 
on  the  map,  the  planes  of  bedding  must 
be  either  in  a  vertical  position,  or  in- 
clined from  the  surface  in  some  direc- 
tion, and  the  rocks,  as  a  matter  of  course, 
must  then  pass  in  under  some  of  those 
that  are  contiguous.  Any  geological 
map  shows  that,  in  this  country,  by  far 
the  larger  proportion  of  these  edges,  or 
lines  of  outcrop,  follow  a  nearly  north 
and  south  direction,  therefore  the  beds 
must  dip,  if  at  all,  either  to  the  east  or 
to  the  west.  The  general  dip  of  the 
formations  in  these  islands  is  towards 
the  south-east;  consequently  those  on 
the  north-west  are  the  oldest,  and  the 
lowest  in  the  geological  scale;  those  on 
the  south-east  are  the  highest  in  the 
scale,  therefore  the  most  modem.  All 
the  beds  of  which  the  various  formations 
are  composed  are  termed  "rocks,"  whether 
they  be  hard  or  soft,  of  aqueous  or 
igneous  origin.  The  following  remarks 
upon  them  have  been  as  far  as  practic- 
able classified  under  three  headings — (a) 
The  nature  of  the  rocks;  (b)  Their  rela- 


tion to  each  other;  (c)  The  bearing  of 
the  nature  and  relation  of  the  rocks 
upon  practical  operations. 

(a)  The  Nature  of  the  Hocks.— The 
rocks  of  which  the  known  crust  of  the 
earth  has  been  built  up,  in  successive 
layers,  are  of  infinite  variety  as  regards 
texture,  color,  hardness,  and  other  pecu- 
liarities. All  are  made  up  of  minerals 
either  in  a  crystalline  or  fragmentary 
form,  or  of  mineral  matter  in  a  state  of 
comminution.  Some  rocks  contain  metals, 
either  free,  or,  as  ores,  in  combination 
with  oxygen,  and  but  comparatively  few 
are  without  metallic  coloration.  All 
rocks  may  be  divided  into  two  great 
classes: — (1)  The  igneous  or  unstratified, 
which  were  formed  below  the  surface, 
and  were  by  volcanic  or  similar  force 
erupted  through  or  intruded  into  the 
pre-existing  formations.  (2)  The  aque- 
ous, or  stratified,  which  were  deposited 
from  water  as  sediment,  or  in  some  cases 
as  chemical  precipitate.  There  are  rocks 
which  are  otherwise  formed,  and  some 
which  have  been  altered  from  their  orig- 
inal condition  by  heat  or  pressure,  or  by 
both  agencies  combined;  but  in  a  work 
of  this  nature  the  scientific  differences 
may  be  disregarded.  (1)  The  igneous 
rocks  are  the  granites,  dolomites,  dio- 
rites,  felspars,  basalts,  trachytes,  and 
tuffas.  (2)  The  aqueous  are  sandstones, 
clays,  limestones,  flints,  and  gravels. 
The  altered,  or  metamorphic  rocks  may 
have  been  either  igneous  or  aqueous,  but 
were  principally  the  latter,  and  are  now 
found  as  gneiss,  quartzites,  clay  slates, 
schists,  and  altered  limestones.  The 
class  to  which  rock  belongs  is  practically 
important,  on  account  of  the  difference 
in  the  normal  mode  of  its  occurrence. 
The  stratified  rocks  lie  evenly,  the  one 
upon  the  other,  and  preserve  a  regular 
but  sometimes  interrupted  sequence: 
the  unstratified  follow  no  definite  lines, 
but  suddenly  break  through  older  rocks 
and  disappear  in  an  equally  abrupt  man- 
ner. In  both  classes  the  rocks  of  every 
kind  present  many  varieties  and  grada- 
tions towards  each  other,  biit  on  the 
whole  they  possess  broad  characteristics 
by  which  they  may  be  fairly  determined. 
It  may  be  noted  that,  generally,  but 
not  without  exceptions,  the  older  strati- 
fied and  the  altered  rocks  are  more 
crystalline  and  compact  than  those  of 
more  recent  date.     Those  that  were  bv 
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an  old  classification  designated  primary, 
consist  of  slaty  and  crystalline  strata, 
such  as  gneiss,  and  mica-schist,  marble, 
and  clay  slate;  transition,  of  slaty  and 
siliceous  sandstones  and  calcareous 
shales;  secondary,  of  chalk,  limestones, 
red  sandstones,  marls,  and  clays;  ter- 
tiary, of  sands  and  clays ;  recent,  of 
sands,  gravels,  silt,  peat,  and  alluvium. 
The  loose  and  friable  beds  are  the  most 
recent,  overlying  others  more  consoli- 
dated of  secondary  age,  which  in  turn 
rest  upon  the  older  and  more  crystalline 
strata.  All  were  once  in  the  same  un- 
solidified  condition,  but  some  have  be- 
come hardened  during  the  ages  which 
have  elapsed  since  their  accumulation. 

(b)  The  Relation  of  the  Mocks  to  Each 
Other. — For  mechanical  purposes,  the 
relation  of  the  rocks  of  a  district  is  quite 
as  important  as  their  individual  nature, 
but  not  so  readily  ascertained,  unless  the 
proper  methods  of  procedure  be  under- 
stood. Their  relative  thickness,  of 
course,  rules  the  extent  of  the  ground 
occupied  by  each,  but  it  must  be  studied, 
also,  in  connection  with  their  dip,  which 
exercises  a  powerful  influence  on  the 
shape  of  the  country  where  they  come  to 
the  surface.  Where  the  bedding  of 
rocks  is  horizontal,  or  nearly  so,  the  sur- 
face will  be  much  more  flat  and  spreading 
than  where  the  dip  is  sharp,  which  will 
produce  a  rugged  and  rapidly-alternating 
landscape.  This  fact  is  well  worthy  of 
notice,  because  we  may  reason  conversely 
that  if  a  country  be  flat,  the  beds  are 
tolerably  level,  and  extend  some  distance 
in  any  direction ;  but  if  it  be  much 
broken,  that  they  have  a  high  angle  of 
inclination.  Upon  the  dip  other  proper- 
ties of  the  beds  depend ;  and  it  will  be 
seen  that  it  involves  many  important 
consequences  to  works  constructed  on 
their  outcrop.  The  relative  elevation  of 
varying  deposits  bears  directly  upon  the 
flow  of  surface  water  from  one  area  to 
another;  therefore  it  affects  the  land 
springs,  and  the  dryness  or  dampness  of 
any  given  locality.  This  leads  to  the 
more  extensive  and  intricate  question  of 
relative  permeability,  upon  which  depend 
the  all-important  points  of  the  power  of 
absorption  of  water  by  the  beds,  and  the 
nature  and  origin  of  deep-seated  springs. 
These  points  influence  not  merely  the 
supply  to  artesian  wells,  but  the  liability 
to  landslips,  and  the  varying  pressures 


by  which  engineering  works  are  especial- 
ly affected.  The  phenomena  of  deep- 
seated  springs  depend  not  altogether 
upon  permeability — although  this  is  one 
of  the  chief  elements  in  their  production 
— but  also  upon  the  relative  position  of 
pervious  and  impervious  strata.  These 
may  succeed  each  other  in  the  simplest 
way,  by  being  in  regular  sequence  the 
higher  beds  resting  evenly  upon  the 
lower,  each  possessing  the  same  angle  of 
dip ;  or  in  a  more  complicated  manner, 
which  is  described  as  "unconformable." 
This  term  is  applied  to  beds,  or  to  sets 
of  beds,  which  at  any  particular  spot 
possess  different  degress  of  inclination. 
It  is  evident  that  in  such  a  case  the  up- 
permost beds  rest  upon  the  edges,  and 
not  upon  the  surface  of  those  beneath, 
and  that  before  the  higher  were  deposit- 
ed, the  lower  had  been  cut  off  by  some 
process  of  denudation.  Occasionally 
beds  overlap  each  other,  without  being 
exactly  unconformable;  and  sometimes 
those  which  are  known  to  be  so,  do 
nevertheless  rest  evenly  upon  each  other, 
and  with  the  same  dip;  but  this  is  a 
merely  local,  and  may  be  considered  an 
accidental  occurrence.  When  strata  are 
unconformable,  of  course  the  continuity 
of  the  lower  beds  beneath  the  surface  is 
broken,  and  this  must  affect  the  flow  of 
water  through  them  in  any  direction. 
The  underground  extension  of  rocks  is 
likely  to  be  interrupted  also  by  "faults," 
or  other  dislocations,  by  which  portions 
of  them  are  displaced,  sometimes  several 
hundred  feet,  and  which  may  extend 
horizontally  for  a  short  distance  only,  or 
for  several  miles.  Such  faults  or  breaks 
must  in  all  cases  be  discovered,  and  their 
influence  estimated,  in  the  consideration 
of  problems  in  engineering  geology. 

(c)  The  Bearing  of  the  Nature  (a) 
and  Relation  (b)  of  the  Rocks  upon 
Practical  Works. — The  rocks  which 
form  the  surface  of  the  earth,  whatever 
their  nature  may  be  in  any  particular 
locality,  of  course  form  the  base  of  all 
engineering  and  architectural  works. 
The  same  remark  applies  equally  to 
mining  and  well-boring  operations,  and 
to  agricultural  pursuits;  the  rocks  must 
exercise  over  them  all  a  permanent  in- 
fluence, of  necessity  greatly  conducive 
either  to  their  success  or  to  their  failure ; 
and  this  not  only  by  their  inherent  prop- 
erties  or   peculiarities,    but  also,   as  we 
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have  seen,  by  the  relations  which  they 
bear  towards  one  another.  These  rela- 
tions, and  the  broader  characteristics  of 
the  strata,  have  been  briefly  mentioned 
above — a  and  b — and  are  more  fully  de- 
scribed further  on.'  The  ways  in  which 
their  influence  is  exercised  may  be  here 
enumerated,  as  indicating  the  necessity 
for  all  available  geological  information 
being  secured,  and  calculations  based 
thereupon,  before  works  of  any  import- 
ance are  commenced  or  even  designed. 
This  influence  is  exerted  in  two  distinct 
ways,  (a)  Through  the  nature  of  the 
rocks ;  (b)  Through  their  relation ;  but 
the  two,  although  distinct,  are  sometimes 
blended,  and  always  so  intimately  as- 
sociated that  a  partial  separation  can 
only  be  attempted. 

(a)  The  trial-holes  usually  made  before 
the  commencement  of  railways,  and  other 
engineering  works,  expose  the  lands  of 
rock  near  to  the  surface  along  a  given 
line,  or  over  a  given  area.  But  these 
holes,  by  themselves,  afford  no  indication 
of  the  thickness  of  any  deposit,  and  in 
this  respect  may  actually  mislead,  unless 
other  conditions  be  ascertained ;  a  knowl- 
edge of  which  points  may,  however,  be 
derived  from  the  trial-holes,  when  once 
the  method  of  utilizing  their  indications 
be  understood.  For  instance,  a  line  of 
such  holes  over  a  hill  may  be,  almost 
without  exception,  in  clay,  one  or  per- 
haps two  of  them  on  the  flank  of  the  hill 
being  sunk  in  a  hard  rock.  The  pre- 
sumption would  probably  be  that  a  cut- 
ting made  through  this  hill  must  pass 
entirely  through  clay,  except  where  the 
hard  rock  was  exposed  ;  the  reality,  that 
nearly  the  whole  of  the  work  has  to  be 
carried  on  through  the  harder  stratum  at 
a  great  additional  cost.  For  the  edge 
only  of  the  bed  was  touched  by  the  one 
or  two  holes  where  it  comes  to  the  sur- 
face, with  a  narrow  outcrop,  along  the 
steepest  part  of  the  hill.  This  sort  of 
thing  has  repeatedly  happened,  and  more 
frequently  still,  a  bed  of  gravel  or  sand, 
only  a  few  feet  in  thickness,  but  spread 
over  an  extended  area,  or  on  the  slope  of 
a  hill,  has  led  to  the  conclusion  that  the 
whole  of  the  cutting  would  be,  as  all  the 
trial-holes  were,  in  sand  or  gravel.  It 
may  turn  out  to  be  hard  and  intractable 
rock,  removable  only  by  blasting  opera- 
tions, but  covered  with  gravel  just  thick 
enough    to    reach   below   the    few    feet 


exposed  in  the  trial  holes.  Or  the  con- 
verse may  be  the  case;  the  engineer 
unacquainted  with  geological  methods, 
feels  sure,  from  his  trial  holes,  that  he 
will  obtain  from  such  and  such  a  cutting. 
building-stone  sufficient  for  all  the 
bridges,  or  gravel  enough  to  ballast  the 
line;  but  as  the  work  progresses,  and 
the  deeper  strata  come  into  view,  he 
meets  with  serious  disappointment. 
These  instances,  selected  from  many,  are 
sufficient  to  show  the  necessity  for  the 
nature  of  the  rocks  being  ascertained,  not 
merely  at  the  surface,  but  to  a  depth 
below,  certainly  not  less  than  that  of  the 
deepest  cuttings. 

If  such  information  be  necessary  for 
cuttings,  it  is  much  more  required  for 
tunnelling  through  the  rocks,  where  the 
work  is  far  more  costly,  and  where,  con- 
sequently, much  greater  saving  may  be 
effected  by  a  previous  knowledge  of  what 
strata  will,  or  will  not,  be  passed  through 
in  any  line  at  a  given  level.  Yet  here 
the  indications  from  trial  holes  must  be 
still  more  meager  seeing  that  tunnels  are 
seldom  made  except  where  the  hills  are 
too  lofty  to  be  passed  through  by  open 
cuttings,  therefore  through  strata  at  a 
greater  distance  from  the  surface.  But 
the  evidence  so  obtained,  if  treated  by 
geological  methods,  may  be  made  equally 
reliable,  and  in  proportion  far  more  val- 
uable. Many  tunnels  have  been  made 
in  places  which  would  have  been  avoided 
had  the  geological  phenomena  been  pre- 
viously ascertained;  others  where,  by  di- 
verting the  line  a  short  distance  to  one 
side  or  the  other,  they  might  have  been 
made  with  a  saving  of  more  than  half  the 
cost  of  construction. 

The  nature  of  the  rocks  to  be  passed 
through  in  tunnels  or  cuttings  affects 
also  the  calculations  for  the  neeessary 
slopes,  and  consequent  widths,  of  em- 
bankments. For  main-drainage  works, 
trial  holes  afford  ample  information  re- 
garding the  kind  of  strata  along  which 
the  sewers  are  to  be  laid,  but  not  as  to 
their  relation — a  much  more  important 
point  in  this  particular  class  of  work,  and 
one  which  is  again  referred  to  further  on. 
The  remark  is  applicable  also  to  excava- 
tions for  docks,  foundations  for  dock 
walls  and  sills,  water  towers,  and  similar 
works.  The  evidences  of  the  solidity  of 
the  rock,  its  liability  to  slip,  or  to  squeeze 
outwards  imder  pressure,  being  obtaina- 
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ble  from  trial  holes  and  borings,   need 
not  here  be  considered. 

In  many  cases  the  nature  of  the  rock 
upon  which  bridges  or  culverts  are  to 
be  built  can  be  very  well  ascertained  by 
trial  holes  ;  but  not  by  any  means  in  all. 

For  it  happens  that  many  of  the 
largest  and  most  important  structures, 
such  as  bridges  and  viaducts,  are  re- 
quired in  the  lower-lying  parts  of  a 
district,  that  is,  in  its  valleys ;  and  here 
the  evidence  thus  obtained  is  apt  to  be 
misleading.  The  smaller  valleys  are,  in 
places,  filled  to  a  depth  of  many  feet 
with  a  wash  from  the  neighboring  hills, 
composed  perhaps  of  sand  or  clay; 
which  wash  so  closely  resembles  the 
rock  whence  it  has  been  derived,  that  it 
is,  except  to  the  experienced  eye,  a  part 
of,  and  continuous  with,  the  rock  of 
which  .  the  high  ground  consists.  But 
beneath  this  wash  there  may  be  a  treach- 
erous bed  of  peat,  or  even  of  quicksand, 
the  evil  influence  of  which  is  perhaps 
only  discovered  when  the  new  structure 
is  sufficiently  advanced  for  its  weight  to 
cause  an  ugly  settlement.  In  such 
places,  it  may  be  urged,  borings  are 
resorted  to  rather  than  trial  holes ;  even 
where  such  is  the  case  similar  results 
may  occur,  should  the  misleading  charac- 
ters be  repeated.  And  it  often  does  hap- 
pen that  in  alluvial  flats  there  is  a  great 
number  of  rapidly  alternating  ancient 
river  deposits,  which  may  consist  of  peat, 
silt,  gravel,  sand,  or  clay.  The  solid  sub- 
stratum may  not  be  reached  perhaps  for 
fifty,  sixty,  or  even  a  hundred  feet,  if  the 
spot  in  question  be  situated  over  an  old 
course  of  the  river,  sometimes  a  long- 
way  from  its  present  channel,  and  of 
which  there  is  nothing  on  the  marshy 
plain  to  indicate  the  existence. 

A  very  important  matter,  in  regard  to 
the  cost  of  construction  in  all  engineer- 
ing and  building  works,  is  the  material 
which  the  rocks  of  the  neighborhood  will 
afford,  and  this  of  course  varies  accord- 
ing to  the  nature  of  the  rocks  them- 
selves. The  local  quarries,  lime-kilns, 
brick-yards,  &c,  will  almost  certainly  be 
on  the  outcrop  of  beds  most  prolific  in 
building  materials.  But  a  e-eological 
knowledge  is  nevertheless  requisite  to 
guide  the  engineer  in  laying  out  his 
works  so  that  they  may  strike  the  more 
valuable  strata  to  the  best  advantage. 
Building  material  is  frequently  brought 


long  distances,  when  that  which  is  as 
good,  or  even  better,  occurs — but  per- 
haps hidden  by  a  few  feet  of  drift—in 
the  vicinity,  and,  it  may  be,  in  abund- 
ance. A  railway  cutting  or  a  tunnel  may 
be  judiciously  set  out  so  as  to  follow 
exactly  the  course  of  a  useful  stratum, 
even  to  a  considerable  depth  from  the 
surface,  probably  to  rail-level.  On  the 
other  hand,  it  may  be  planned  so  as  to 
miss  the  bed,  except  just  at  the  surface, 
or  possibly  altogether;  for  the  point 
depends  upon  the  direction  of  the  dip  of 
the  stratum,  its  consequent  strike,  and 
the  actual  amount  of  its  inclination. 

The  drift  gravels  occur  in  a  more 
irregular  manner  than  any  other  series 
of  deposits,  but  if  they  be  previously 
mapped,  and  the  work  be  designed 
accordingly,  a  great  saving  may  be 
effected ;  the  labor  of  excavating  a  cut- 
ting, for  instance,  may  perhaps  be  made 
to  yield  the  additional  result  of  affording 
ballast  or  road  metalling.  The  extent 
and  thickness  of  the  gravels  must  be 
ascertained,  also  their  mode  of  occur- 
rence, whether  as  capping  a  ridge,  filling 
an  old  channel,  or  resting  on  the  sloping 
flank  of  a  hill.  Where  gravels  are  scarce, 
or  altogether  absent,  ballast  may  be 
obtained  from  the  more  solid  rocks, 
broken  up  small  for  that  purpose,  and  in 
some  districts  these  are  sufficiently 
plentiful.  Even  in  many  thick  dej)osits 
of  clay  there  are  found  occasional  beds 
of  hard  septaria,  or  thin  bands  of  lime- 
stone, suitable  for  the  purpose;  the  line 
of  these,  when  their  outcrop  has  been 
traced,  may  frequently  be  followed  with 
advantage. 

Nearly,  if  not  quite  all  the  geological 
formations,  yield  some  one  or  more  forms 
of  building  material,  and  many  consist 
almost  entirely  of  rocks  that  can  be  util- 
ized in  construction.  The  varieties  and 
qualities  are  numerous,  but  nearly  all  fall 
under  iiie  general  terms  limestone,  sand- 
stone, and  brick-earth,  and  under  these 
headings  they  will  be  dealt  with  further 
on,  with  reference  to  typical  localities. 
But  viewing  the  deposits  on  a  large 
scale,  one  or  two  points  may  be  noted 
that  are  worthy  of  remembrance.  There 
are  many  series  of  strata  which,  being 
either  all  limestones,  or  all  sandstones, 
or  a  mixture  of  both,  with  perhaps  inter- 
vening clays,  are  grouped  under  some 
comprehensive  term.     These  general  in- 
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elusive  denominations  are  convenient 
rather  than  strictly  accurate;  as  in- 
stances may  be  mentioned  the  Lower 
Oolite  limestone  and  the  Caradoc  sand- 
stone. In  every  series  there  are  some 
beds  of  more  especial  value  for  particular 
puipmses  than  others  above  and  below 
them,  although  the  difference  may  not 
be  at  once  apparent.  There  are  beds 
also  which  for  building  works  should  be 
scrupulously  avoided,  in  consequence  of 
being  liable  to  crumble  on  exposure,  or 
possessing  some  other  detrimental  pecu- 
liarity of  composition.  As  beds  vary 
rapidly,  that  one  which  is  good  in  every 
respect  in  one  district  being  worthless  in 
another,  no  general  description  can  accu- 
rately apply  to  all  localities;  therefore 
these  matters  should  receive  careful  and 
local  investigation. 

The  minerals  and  metals  which  occur 
so  abundantly  in  these  islands,  and  the 
cost  of  mining  for  them,  are  also  de- 
pendent directly  upon  the  nature  of  the 
rocks  with  which  they  are  associated, 
and  the  conditions  by  which  those  rocks 
have  been  affected  since  their  deposition. 
In  the  most  important  instances  they 
exist  as  an  integral  part  of  the  forma- 
tions in  which  they  are  found,  as  coal, 
ironstones,  &c,  but  these  are  not,  strictly 
speaking,  either  minerals  or  metals. 
Pure  minerals  and  native  metals  are 
comparatively  rare,  but  the  terms  are 
conveniently,  if  somewhat  loosely,  ex- 
tended to  include  rock-masses,  or  por- 
tions of  rock-masses,  of  which  certain 
mineral  matters,  or  metallic  ores,  form 
a  characteristic  part.  The  "minerals" 
and  "metals"  included  in  the  terms 
thus  qualified  will  be  spoken  of  in 
another  place,  and  for  all  practical  pur- 
poses they  may  be  treated  in  the  same 
way  as  any  other  of  the  rocks  in  which 
they  are  enclosed,  or  with  which  they  are 
interstratified.  Their  existence  in  any 
given  area  can  be  ascertained  in  a  similar 
manner,  their  outcrop  surveyed,  their  ex- 
tent determined,  and  their  value  approx- 
imately estimated. 

Agricultural  pursuits  are  affected,  to  a 
degree,  much  greater  than  is  perhaps 
generally  understood,  by  the  nature  of 
the  solid  rocks  beneath  the  surface  soil, 
on  which  the  success  of  farming  opera- 
tions is  admitted  to  depend.  For  all 
soil,  or  mold,  has  been  produced,  during 
the  lapse  of  many  years,  by  the  atmo- 


spheric disintegration  of  the  surface  of 
the  strata  which  form  the  base  or  sub- 
soil. It  has  been  increased  in  depth  and 
somewhat  modified,  but  its  constituents 
have  not  been  materially  altered,  by  the 
annual  growth  and  decay  of  vegetable 
matter.  The  process  has  been  assisted 
by  the  apparently  trifling,  but  still  cease- 
less action  of  earth  worms  working  into 
and  turning  up  the  subsoil,  thus  con- 
stantly adding  new'  material  of  similar 
character.  It  is  evident  that  the  nature 
of  the  soils  of  any  district  must  therefore 
vary  as  the  subsoils  or  strata  from  which 
they  have  been  derived,  and  in  a  corre- 
sponding degree ;  and  that  the  geology  of 
a  place  being  known,  the  subsoils  and 
soils  are  equally  understood.  A  base  of 
gravel  or  sand  produces  a  light  soil, 
abounding  in  silica,  that  substance  not 
unfrequently  forming  four-fifths  of  its 
whole  weight.  This  will  vary  from  a  fine 
sandy  mold  to  a  stony  soil,  as  the  par- 
ticles of  the  rock  beneath  are  fine  and 
uniform  in  size,  or  coarse  and  irregular. 
Clay  gives  rise  to  a  stiff,  heavy,  and 
sometimes  tenacious  soil,  containing 
from  10  to  30  per  cent,  of  alumina,  and 
varying  in  quality  perhaps  more  than 
any  other  kind,  but  being  as  a  rule  more 
productive.  Limestones  produce  light 
soils,  variable,  and  sometimes  full  of 
detached  lumps  of  the  rock,  but  generally 
yielding  good  returns  for  high  cultiva- 
tion. 

There  are  certain  natural  causes  which 
modify,  to  some  extent,  the  normal  char- 
acters of  the  soils  thus  derived  from 
subserial  disintegration  of  the  rocks  of  a 
locality.  The  result  of  the  influence  ex- 
erted by  these  causes  may  not  be  exten- 
sive, but  they  are  locally  important. 
First  the  rain-wash,  which  removes  the 
lighter  particles  of  the  rocks  from  higher 
to  lower  ground.  In  a  flat  country,  the 
effects  of  this  action  are  not  very  per- 
ceptible, but  where  the  surface  is  broken 
by  hills  and  small  valleys,  accumulations 
of  this  material  may  often  be  seen  several 
feet  in  thickness.  Then,  where  the 
downward  progress  of  rain-wash  has 
been  arrested  by  a  wall  or  fence  on  a 
hill-side,  the  result  is,  after  a  time,  very 
evident,  in  the  ground  being  unduly 
higher  on  the  upper  side.  Again,  the 
growth  of  peat  and  the  accumulation  of 
marsh-clay  are  agencies  which  give  rise 
to  soils  very  different   from   what  they 
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would  otherwise  have  been  at  the  spots 
beneath  such  influences.  The  proportion 
of  decaying  vegetable  matter,  so  useful  a 
constituent  generally,  is  in  peat  so  ex- 
cessive as  to  render  the  soil  almost 
worthless  for  purposes  of  cultivation. 
The  soil  of  which  a  marshy  plain  is  com- 
posed is  due  to  the  rocks  somewhat  fur- 
ther ivp  the  valley,  the  particles  having 
been  brought  down  in  suspension  by  the 
waters  and  deposited,  thus  forming  a 
flat,  when  the  stream  has  at  times  over- 
flowed its  banks.  Further,  where  two 
indifferent  soils  meet,  which  have  been 
formed  from  decomposition  of  contiguous 
rocks,  that  which  occurs  along  the  line 
of  junction  is  generally  found  to  be  of 
better  quality,  owing  to  admixture. 
Some  soils  are  rich  in  fattening  proper- 
ties and  excellent  for  grazing,  but  through 
want  of  lime,  without  which  no  bone  can 
be  formed,  young  stock  do  not  thrive 
upon  their  produce.  The  deficiency  can 
often  be  supplied  at  a  small  cost,  and  the 
value  of  the  land  be  thereby  much  en- 
hanced ;  this  is  frequently  the  case  in  low 
marshy  situations.  .  Other  soils,  having 
had  much  of  their  productive  properties 
removed  by  excessive  croppings,  may  be 
considerably  renovated  by  a  surface  dress- 
ing of  the  parent  subsoil.  The  same  ob- 
ject may  be  effected  by  deeper  ploughing, 
the  subsoil  being  of  course  gradually  in- 
corporated with  the  surface  mould.  But 
for  this  and  similar  operations,  certain 
particulars  must  be  obtained,  or  the  labor 
so  expended  will  perhaps  have  been 
thrown  away.  These  are  the  chemical 
composition  of  the  subsoil,  and  the  con- 
stituents required  to  be  added  to  the 
soil  itself;  details  which  are  readily  ob- 
tainable through  a  small  expenditure  of 
time  or  money  by  chemical,  but  not 
necessarily  quantitative,  analysis. 

As  the  subsoil  varies,  so  does  the 
necessity  for  draining  the  land,  and  the 
facility  with  which  the  operation  can  be 
performed.  Land-drainage,  as  ordinarily 
understood,  is  a  simple  matter,  but  there 
are  some  geological  considerations  re- 
specting it  to  which  attention  may  be 
briefly  directed.  As  the  strata  affect  the 
soils  and  sub-soils,  so  they  must  of  neces- 
sity exert  an  influence  upon  the  natural 
drainage,  and  upon  the  means  best 
adapted  to  that  of  an  artificial  character. 
The  springs  of  one  locality  being  but  the 
natural  outlet  of  water  from  another,  the 


strata  that  now  throw  out  springs  would,, 
if  occurring  at  a  different  level,  act  as 
the  channels  for  draining  water  away 
from  the  surface  to  the  interior,  to  be 
afterwards  thrown  out  elsewhere.  And 
it  sometimes  happens  that  the  subsoils,, 
or  underlying  strata,  may  be  by  some 
artificial  aid,  made  available  for  purposes 
of  drainage  where  they  would  not  so  act 
without  that  assistance.  In  other  words,, 
•a  plan  of  combined  natural  and  artificial 
drainage  can  sometimes  be  easily  carried 
out,  where  a  natural  system  does  not 
exist,  and  where  an  entirely  artificial 
scheme  can  be  adopted  only  with  very 
considerable  trouble  and  expense. 

Although  the  last  few  years  have  wit- 
nessed a  great,  and,  on  the  whole,  bene- 
ficial change  in  the  methods  of  disposal 
of  town-sewage,  the  difficult  problem  is 
still  far  from  being  solved.  In  many 
cases  plans  of  irrigation  have  been 
adopted,  and  these  are  always  affected  by 
the  nature  of  the  rocks  upon  which  the 
sewage  farms  are  situated.  Opinion  is 
greatly  divided,,  not  only  as  to  the  re- 
spective merits  of  the  methods  of  precipi- 
tation and  irrigation,  but  also,  when  the 
latter  plan  is  in  question,  regarding  the 
kind  of  soil  best  suited  to  the  purpose- 
Doubtless  much  may  be  said  on  behalf 
both  of  the  light  and  heavy  soils,  of  the 
gravels  and  the  clays,  but  a  point  that 
should  not  be  lost  sight  of  is  the  ulti- 
mate disposition  of  the  water  holding 
sewage  particles  in  solution  and  suspen- 
sion. A  heavy  soil  will  frequently  yield 
enormous  crops  when  judiciously  irri- 
gated and  in  favorable  seasons,  but  be- 
yond the  mechanical  deposition  of  its 
suspended  particles,,  the  water  is  not 
clarified;  it  runs  off  the  land  almost  as 
chemically  impure  as  when  pumped  or 
discharged  from  the  reservoir.  Very 
little  of  the  liquid  percolates  down  into 
a  typical  clay,  and  the  benefit  derived 
by  the  crops  seems  to  be  mainly  owing 
to  the  moistening  of  the  surface  when  it 
would  otherwise  be  dry  and  parched.  It 
is  probable  that  pure  water  would  have 
almost  as  good  an  effect  as  liquid  sewage 
upon  heavy  land.  Light  soils,  on  the 
other  hand,  absorb  and,  for  a  while,  re- 
tain a  great  deal  of  the  moisture,  giving 
it  out  again  to  the  crops  in  a  more  equa- 
ble manner;  they  may  yield  less  produce,, 
but  this  is,  in  some  measure,  through 
their    containing    within    themselves    a 
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smaller  quantity  of  the  elements  of  fer- 
tility. It  seems  reasonable  to  suppose 
that  as  the  liquid  is  considerably  filtered 
by  its  passage  over  or  through  sandy 
soils,  the  ingredients  removed  from  it  are 
ready  for  absorption  by  vegetation.  A 
light  soil,  owing  to  its  permeability,  will 
at  all  times  take  more  sewage  liquid, 
acre  for  acre,  than  a  heavy  one,  and  in 
some  seasons — during  a  period  of  floods, 
for  example — this  property  may  prove  of 
great  advantage.  But  considering  the 
phenomenon  referred  to  in  connection 
with  land  drainage,  that  the  springs  of 
one  part  are  but  the  drainage  of  another, 
it  is  questionable  how  far  we  are  justified 
in  saturating  the  sands  of  any  locality 
with  tainted  water. 

There  are,  of  course,  such  soils  as  loam, 
intermediate  between  sand  and  clay, 
combining  the  characters  of  both  in  pro- 
portion to  the  quantity  of  each  which  oc- 
curs in  their  composition  ;  and  this  kind 
of  soil  may  ultimately  be  found  the  best 
for  sewage  irrigation.  Or,  what  is  more 
probable,  an  area  partly  on  impervious 
clay  and  partly  on  pervious  sand  or 
gravel  will  offer  the  greatest  advantages. 
For  in  addition  to  being  somewhat  more 
independent  of  the  seasons,  farms  so 
situated  would  admit  of  the  water,  after 
running  over  the  clay  and  there  deposit- 
ing its  suspended  matter,  passing,  by 
gravitation  if  possible  on  to  the  pervious 
beds.  In  its  passage  over  or  through 
these  it  would  be  more  or  less  filtered, 
and  the  effluent  water  thus  rendered, 
perhaps,  sufficiently  pure  to  be  allowed 
to  flow  into  a  stream  or  river  with  im- 
punity. 

It  has  been  shown  that  the  "minerals" 
and  "metals"  for  which  mining  is  carried 
on  depend  upon  the  nature  of  the  rocks 
with  which  they  are  associated.  Upon 
this  depends  also  in  a  great  measure  the 
kind  and  the  cost  of  preliminary  borings,  of 
the  main  shafts  or  pits,  and  of  the  actual 
mining  operations;  but  much  more  are 
these  influenced  by  the  relation  of  the 
rocks  in  and  beneath  which  these  are 
performed.  For  instance,  "in  no  respect 
do  collieries  differ  more  from  each  other 
than  in  the  quantities  of  water  which 
they  encounter,  either  in  the  mining  or 
in  the  subsequent  working  of  their 
mineral.  In  one  case  a  retentive  clay 
cover  may  prevent  the  access  of  surface 
water    which   in   another   may   pass    in 


abundance  through  a  sandy  or  a  gravel 
alluvium.  In  certain  districts  water- 
bearing measures  of  an  almost  fluid  con- 
sistency must  be  passed  through,  whilst 
in  others  the  comparatively  tight  coal 
measures  may  at  once  be  entered.  Fre- 
quently the  strata  above  and  below  the 
coal  are  so  compact  as  to  render  the 
workings  actually  too  dusty  and  dry; 
but  instances  are  common  enough  in 
which  water  makes  its  way  through  the 
roof  stone,  or  through  the  coal  itself, 
and  adds  difficulties  and  expense  to  the 
whole  of  the  operations.  When  the 
measures  through  which  the  pit  is  sunk 
consist  of  stony  rock,  they  are  often 
allowed  to  stand  open,  but  when  shales 
preponderate  it  has  to  be  walled  with 
brick  or  stone,  to  which  in  some  cases, 
as  against  the  influx  of  water,  wood  or 
cast  iron  may  be  preferred.  But  when 
the  measures  are  covered  by  other  and 
more  absorbent  strata,  saturated  with 
water,  the  winning  of  a  colliery  becomes 
a  most  serious  undertaking,  tasking  the 
energies  of  the  best  men,  and  sometimes 
collapsing  after  a  ruinous  outlay.  Ex- 
amples of  these  difficulties  are  afforded 
by  surface  beds  of  sand  and  gravel,  and 
by  the  well-known  red  sand  under  the 
Magnesian  Limestone.  One  of  the  most 
serious  questions  to  be  solved  by  the 
coal-viewer  in  the  very  outset  is  the 
system  by  which  he  means  to  work  his 
mineral;  and  in  order  to  form  a  judg- 
ment upon  this  head  it  is  important  that 
he  should  not  only  be  acquainted  with 
the  various  modes  in  use  elsewhere,  but 
should  have  acquired  a  knowledge  of  the 
peculiarities  of  the  seams  in  his  own.  dis- 
trict. Where  the  beds  have  a  definite 
dip  in  one  direction,  the  working  pits 
are  usually  placed  as  far  towards  the 
deep  as  it  is  convenient  to  go,  so  that 
underground  the  coal  may  be  brought 
down  hill  to  the  pit-bottom.  Should  the 
strata  lie  in  a  trough.  th.e  pits  may  ad- 
vantageously be  placed  in  its  middle 
line,  so  as  to  command  the  coal  on  both 
sides." — See  "Coal  and  Coal  Minino-."" 
Smyth,  1872. 

The  relation  of  two  or  more  rocks  to 
each  other  may  also  affect  engineering 
works  even  to  a  greater  degree  than  the 
actual  quality  of  the  rocks  on  which  such 
works  are  situated.  This  relation  con- 
sists in  their  respective  dips,  their  posi- 
tion   in    regard    to    each    other,    their 
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various  qualities  of  permeability,  and  so 
on.  In  nothing  is  it  more  evident  than 
in  railway  works  that  the  relation  of  two 
beds — to  take  a  simple  case — differing 
from  each  other  in  kind,  but  the  same  in 
dip,  may  be  such  as  to  increase  the  cost 
.of  any  work  upon  them,  if  risk  to  its 
stability  is  to  be  avoided.  Let  us  sup- 
pose a  railway  cutting  of  moderate  depth 
to  traverse  two  beds  of  different  charac- 
ter, one  a  water-bearing  sand  resting 
evenly  upon  a  tenacious  clay,  both  dip- 
ping at  an  angle  of  3  deg.  The  slope  on 
the  higher  side  of  the  cutting  will  be 
scored  by  a  series  of  weeping  springs 
along  the  line  of  junction,  which  will 
surely,  although  joei-haps  slowly,  cause 
serious  slips  unless  means  be  taken  for 
their  prevention.  Should  the  dip  lie  in 
the  same  direction  as  the  fall  of  the 
ground — which  is,  however,  unusual — 
the  flow  of  water  will  be  quicker  at  some 
times  than  at  others,  perhaps  intermit- 
tent. Any  structures,  such  as  bridges 
over  the  cutting,  must  then  have  their 
footings  well  down  into  the  clay,  not  on 
it,  for  its  surface,  even  many  feet  from 
the  ground-level  and  under  an  equal 
thickness  of  solid-looking  rock,  would  be 
absolutely  unsafe  as  a  foundation.  If 
the  above  simple  instance  demands  pre- 
cautionary measures,  much  more  must 
the  frequently  intricate  relations  of  the 
rocks  receive  careful  consideration.  The 
beds  may  dip  rapidly,  the  water-bearing 
strata  may  be  numerous,  and  the  geolog- 
ical structure  may  be  complicated  by 
faults  or  by  local  unconformity. 

In  tunneling,  a  previous  knowledge  of 
the  relations  of  strata  to  each  other  is 
still  more  desirable ;  indeed,  it  would  be 
impossible  to  insist  too  strongly  on  the 
necessity  for  all  geological  details  being 
known  in  regard  to  a  hill  to  be  pierced 
in  that  manner.  Not  only  might  the 
style  of  working  be  varied,  but  the  form 
or  strength  of  the  tunnel  itself  might 
perhaps  be  altered  with  advantage,  to 
suit  either  the  varying  pressure  or  the 
peculiarities  of  rocks  known  to  occur  in 
the  center,  different  to  those  exposed  in 
the  cuttings  at  either  end.  Even  the 
.gradients  might  require  to  be  modified 
according  to  the  existence  or  non-exist- 
ence of  faults  or  of  springs  in  the  body 
of  the  hill,  which  if  not  previously 
detected  would  be  discovered  when  too 
late  to  make  any  alteration.     If  the  sur- 


face of  a  hill  be  carefully  examined,  the 
boundary  lines  of  the  beds  of  which  it  is 
composed  be  accurately  surveyed,  their 
dip  ascertained,  and  the  lines  of  all  faults 
laid  down,  the  position  of  the  rocks  with- 
in the  hill — and  consequently  the  points 
at  which  they  will  be  met  with — can  be 
accurately  determined.  Even  when  the 
all-important  point  of  the  amount  of  dip 
cannot  be  obtained  from  actual  sections, 
it  can  be  worked  out — by  a  method  to  be 
hereafter  explained — from  the  bounda- 
ries, or  other  definite  lines,  if  these  have 
been  laid  down  on  the  plan  with  preci- 
sion. The  highest  of  the  beds  in  a  series 
passed  through  by  a  tunnel  generally 
occur  near  the  center  of  the  hill,  unless 
they  are  inclined  in  one  direction  only. 
This  is  owing  not  merely  to  the  fact  of 
the  rail  level  rising  from  each  end  to- 
wards the  interior,  but  to  a  well-known 
geological  phenomenon.  As  a  general 
rule  beds  dip  from  each  side  into  a  hill 
or  ridge ;  the  statement  being  limited  to 
hills  and  ridges  as  such,  and  not  to 
include  escarpments.  Therefore,  as  the 
tunnel  proceeds,  beds  are  pierced  higher 
and  higher  in  the  series,  until  the  upper- 
most of  all  met  with  is  somewhere  near 
the  middle. 

Banks. — At  first  sight  the  relation  of 
the  rocks  beneath  the  surface  may  not 
seem  to  have  any  direct  bearing  upon 
railway  embankments,  and  similar  artifi- 
cial accumulations  of  material.  But 
there  are  ways  in  which  it  does  now  and 
then  greatly  affect  the  cost  of  such 
works,  and,  what  is  equally  important, 
that  of  bridges  and  culverts  erected 
beneath  them.  A  line  of  railway  does 
not  usually  run  in  the  direction  of  dip  of 
the  strata,  but  rather  at  right  angles 
thereto,  nearer  to  that  of  the  strike  of 
the  beds,  as  it  follows  the  contour  of  the 
country.  The  dip,  whether  great  or 
small,  therefore  is  generally  away  from 
the  railway,  either  to  the  right  hand  or 
to  the  left  as  the  case  may  be.  If  it  be 
of  any  amount,  say  exceeding  5  deg.,  the 
bank,  when  it  attains  to  any  height,  will 
be  very  likely  to  force  the  beds  beneath 
it  over  each  other  along  the  planes  of 
bedding,  and  thus  give  rise  to  slips, 
sometimes  of  great  extent  and  involving 
much  loss  of  material.  These  slips  are 
usually  sudden  and  liable  to  repetition, 
causing  great  expenditure  for  piling  and 
other  preventive   measures.     But  if  the 
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liability  to  slip,  owing  to  the  dip  of  the 
beds — which  usually  are,  in  such  cases, 
alternating  clays  and  dis-similar  deposits 
— be  previously  entertained,  it  may  be 
minimised  by  "running  the  tip  ahead," 
and  working  backwards  with  the  bulk  of 
the  material.  Sometimes  lines  of  rail- 
way follow  the  direction  of  dip  for  a 
short  distance;  if  this  be  into  the  hill 
whence  the  material  comes,  there  is  no 
risk  of  slipping,  but  it  is  occasionally  the 
other  way,  when  slips  are  sure  to  occur. 
If  these  slips  be  quite  forward  they  are 
sometimes  of  slight  consequence,  .as  the 
bank  is  then  advancing  in  the  right 
direction.  But  should  any  bridge  or 
culvert  have  been  built  in  their  path, 
ready  for  backing  up,  the  consequences 
may  be,  and  frequently  are,  serious,  for 
such  structures  are  then  almost  sure  to 
be  overthrown,  unless  the  bulk  of  the 
work  be  done  in  the  backward  manner 
mentioned  above. 

The  preceding  remarks  apply  equally 
to  the  construction  of  water  reservoirs 
and  canals,  but  it  may  be  added,  in 
regard  to  them,  that  the  geological 
structure  of  a  country  must  greatly 
affect  the  supply  of  water  to  canal-feed- 
ers and  its  retention  in  natural  reser- 
voirs. The  "head"  of  water  that  can  be 
maintained  in  such  places,  generally 
secured  by  a  dam  across  some  minor 
valley,  and  supplemented  by  pumping,  is 
limited  by  the  springs  which  may  occur 
within  its  area ;  not  by  the  amount  they 
are  capable  of  yielding,  but  through 
other  phenomena  yet  to  be  described, 
which  may,  and  frequently  do,  render 
utterly  useless  large  expenditure  for 
puniping.  The  attempt  is,  in  fact,  made 
to  obtain  a  head  of  water  which  the  geo- 
logical conditions,  left  to  themselves, 
make  absolutely  impossible ;  therefore,  if 
these  be  understood,  and  measures  taken 
accordingly,  much  cost  and  useless 
trouble  may  often  be  saved. 

A  smaller,  but  not  unimportant  matter, 
is  the  difficulty  sometimes  experienced  in 
carrying  out  main-drainage  works,  owing 
to  the  surface  springs  and  others  tapped 
by  the  excavations.  Several  instances 
have  occurred  where,  owing  to  the  quan- 
tity of  water  thus  met  with,  the  plans, 
after  commencement,  have  had  to  be 
altered,  at  great  disadvantage ;  others, 
also,  in  which  the  pipes  have  been, 
through  this  difficulty,  improperly  laid, 


or  have  afterwards  settled  in  the  sands, 
so  that  the  joints  have  ever  after  been 
imperfect.  In  consequence,  they  have 
admitted  the  spring  waters,  thus  adding 
several  hundred  pounds  a  year  to  the 
cost  of  pumping,  besides  deteriorating 
the  value  of  the  sewage  for  irrigation  or 
precipitation.  These  results  have  hap- 
pened, in  some  cases  beyond  hope  of 
remedy,  not  because  the  geological 
details,  including  a  knowledge  of  the 
springs,  could  not  have  been  ascertained 
in  time,  but  simply  because  they  have 
been  ignored.  With  the  remedy  for 
such  a  state  of  things,  where  one  is 
practicable,  we  shall  deal  in  a  succeeding 
impression,  but  it  must  always  be  adopted 
within  certain  limitations,  and  indeed, 
should  only  be  allowed  under  official 
supervision. 

One  observation  may  be  made  with 
regard  to  foundations,  whether  of  dock 
works,  bridges,  or  buildings;  it  is  that 
however  solid  the  stratum  may  apparent- 
ly be  in  which  the  excavations  are  made 
for  foundations,  the  calculations  as  to 
stability  are  incomplete  and  liable  to 
error — as  the  works  are  to  unforeseen 
catastrophe — unless  all  the  relations  as 
well* as  the  nature  of  the  rocks  beneath 
have  been  ascertained  and  taken  into 
consideration. 

An  improvement  in  the  water  supply 
of  a  district  is  one  of  the  practical 
results  that  may  be  expected  to  arise 
from  the  working  out  of  its  geological 
structure — that  is,  from  the  knowledge 
of  its  rocks  and  of  their  relation  to  each 
other.  The  supply  of  water  in  any  given 
locality  is  not  by  any  means  proportion- 
ate to  its  rainfall;  for  the  widely-spread 
water-bearing  beds  are  great  distrib- 
utors, and  by  them  it  is  to  a  great 
extent  equalized.  The  supply  to  be  ob- 
tained by  boring  down  to  deep-seated 
springs  is  practically  inexhaustible,  being 
scarcely,  if  at  all,  affected  by  drought, 
and  these  springs  form  the  only  soiu'ce 
on  which  can  be  placed  a  full  reliance. 
The  phenomena  of  springs,  and  of  the 
sources  of  supply  to  artesian  wells,  both 
of  which  are  practically  important,  are 
entirely  dependent  on  stratigraphical 
and  physical  features.  An  explanation 
of  them  will  be  given,  as  well  as  of  the 
reason  why  sometimes  salt  waters  occur 
far  inland,  and  fresh  water  springs 
beneath  the  sea;  why  some  waters  are 


484 


VAN    NOSTRAND'S    ENGINEERING    MAGAZINE. 


chemically  pure,  whilst  others  are  satu- 
rated with  mineral  salts. 

Another  point  affected  by  similar  con- 
ditions is  the  dampness  of  a  locality, 
which  sometimes  renders  almost  unin- 
habitable what  would  otherwise  be  a 
desirable  and  healthy  situation.  This 
may  arise  either  from  the  physical  con- 
ditions of  elevation,  situation,  rainfall, 
and  so  on,  or  from  those  of  a  purely  geo- 
logical nature.  It  is  frequently  owing  to 
the  saturated  condition  of  the  water- 
bearing beds  immediately  beneath,  and 
probably  close  to  the  surface;  in  other 
words,  by  the  proximity  to  the  ground 
level  of  the  general  water  line  of  the  dis- 
trict. This  is  a  question  that  shoidd 
influence  the  choice  of  situation  for  all 
public  buildings,  and,  indeed,  for  private 
houses  also,  where  circumstances  are 
such  as  to  admit  of  selection.  This  will 
be  fully  considered  in  an  article  on  the 
subject  of  "Sites,"  as  one  which  merits, 
but  seldom  receives,  much  attention. 

A  knowledge  of  the  undoubted  relation 
existing  between  subsoil  and  disease 
must  also  be  beneficial  to  those  who  are 
seeking  for  themselves  a  new  home.  The 
whole  question  cannot  be  entered  on 
here,  but  the  results  of  certain  official 
inquries  into  one  branch  of  the  subject 
are  appended.     In   the    "Report  of  the 


Medical  Officer  of  the  Privy  Council,"  for 
1867,  pp.  14-17,  and  57-110,  is  discussed, 
from  several  points  of  view,  the  interest- 
ing question  of  the  connection  between 
the  geological  structure  and  the  con- 
sumption death-rate  of  a  district.  After 
careful  consideration  of  all  the  facts  and 
statistics  adduced,  the  following  sugges- 
tive and  valuable  conclusions  were  arrived 
at,  and  may  be  considered  as  fairly  well 
established,  (a)  That  on  pervious  soils 
there  is  less  consumption  than  on  imper- 
vious soils.  (b)  That  on  high-lying 
perviqus  soils  there  is  less  consumption 
than  on  low-lying  pervious  soils.  (c) 
That  on  sloping  impervious  soils  there  is 
less  consumption  than  on  flat  impervious 
soils,  (d)  These  inferences  must  be  put 
along  with  the  other  fact,  that  artificial 
removal  of  subsoil  water,  alone,  of  vari- 
ous sanitary  works,  has  largely  decreased 
consumption.  From  which  follows  the 
general  inference,  that  wetness  of  soil  is 
a  great  cause  of  consumption.  If  this 
one  disease  can  be  so  influenced  that  its 
ravages  in  a  district  may  be,  as  they  have 
been,  lessened  one  half  by  a  simple  drain- 
ing of  the  land,  it  may  reasonably  be  as- 
sumed, that  the  power  of  other  diseases 
also  is  more  or  less  dependent  on  certain 
physical  conditions,  which  are  susceptible 
of  natural  or  artificial  modification. 


ENGINEERING  AND  ART. 

By  Mb.  CHARLES  H.  DRIVER,  F.R.I.B.A. 
From  "  The  Builder." 


"Engineering,"  as  the  word  is  com- 
monly understood,  may  be  considered  to 
be  the  science  of  "  construction,"  and  an 
engineer  is  likewise  understood  to  be 
one  who  practically  applies  the  theory 
and  science  of  construction  to  the  every- 
day wants  and  requirements  of  our  lives. 

"  Engineering  "  is  a  very  comprehen- 
sive word,  including,  rather  widely,  all 
matters  relating  to  the  formation  of 
roads,  bridges,  canals,  docks,  harbors, 
lighthouses,  mines,  drainage,  waterworks, 
sewers,  fortifications,  building,  machinery 
in  general,  &c.  Properly  speaking,  en- 
gineering is  divided  into  two  classes, 
viz.,  civil  and  mechanical  engineering;. 
In  the  first  are  comprised  road-making, 


bridge-building,  canals,  docks,  harbors, 
waterworks,  drainage,  mines,  &c,  and  all 
the  other  works  which  may  be  classed 
under  the  head  of  railway,  hydraulic,  and 
mining  engineering ;  whilst  the  second  is 
principally  connected  with  the  manu- 
facture and  use  of  machinery,  the  work- 
ing of  metals,  the  construction  of  railway 
plant,  steamships,  guns,  armor,  plates, 
&c.  In  works  of  the  first-class  the  "  con- 
tractor" plays  an  important  part,  as  it  is 
he  who  executes  the  work  from  the  de- 
signs of  the  engineer,  and  on  his  ability 
and  good  management  the  success  of 
many  undertakings  very  materially  de- 
pends. In  the  second  class,  however, 
the   case  is  somewhat  different,  as   the 
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mechanical  engineer  is  very  generally 
both  designer  and  executant  of  the  work 
he  undertakes.  Thus  much  for  the  en- 
gineering of  the  present  day,  which  may 
be  said  to  have  taken  its  stand,  as  a  dis- 
tinct profession  in  England,  about  the 
middle  of  the  last  century,  and  has  since, 
by  its  varied  achievements,  done  so  much 
for  the  world  at  large, — much  for  com- 
fort, much  for  luxury,  much  for  wealth, 
but  little,  alas !  for  "art."  All  must  ad- 
mire the  wondrous  powers  of  such  magi- 
cians as  Watt,  Telford,  the  Stephensons, 
Brunei,  &c,  and  all  will  admit  that  they 
and  their  works  have  wrought  an  enor- 
mous amount  of  good;  yet  we  must  ad- 
mit that  though  their  works  contain  a 
vast  amount  of  the  utile,  they  have  little 
of  the  clulce  about  them.  Such,  however, 
was  not  the  case  with  the  engineers  of 
antiquity,  who  not  only  constructed 
works  of  pure  utility,  such  as  the  harbors 
of  the  Phoenicians  and  of  ancient  Greece, 
the  bridges  of  boats  make  by  Xerxes  to 
transport  his  army  into  Europe,  the 
canal  across  the  isthmus  of  the  peninsula 
of  Mount  Athos,  the  aqueducts,  roads, 
and  bridges  of  ancient  Rome,  but  they 
constructed,  or  assisted  in  the  construc- 
tion of  works  which  are  now  looked  upon 
as  the  triumphs  of  art  (architecturally), 
such  as  the  temples  and  pyramids  of 
ancient  Egypt,  the  Palaces  of  Nineveh, 
the  splendid  buildings  of  Greece  and 
Pome,  and  in  latter  times  the  glorious 
cathedrals  of  Europe  and  of  our  own 
country. 

"Art"  is  the  result  of  the  endeavor  of 
the  human  mind  to  achieve  the  perfection 
of  beauty,  whether  it  be  in  form,  color, 
or  sound,  and,  like  engineering,  it  is  uni- 
versal; but,  unlike  engineering,  it  is 
strictly  confined  to  man,  and  is  the  re- 
sult of  that  power  of  selection  that  man, 
of  all  animals,  alone  possesses.  Many 
animals,  birds,  and  insects  execute  work 
which  rivals  and  excels  the  best  and  most 
delicate  work  of  man,  but  which,  although 
artistic  in  result  as  to  form  or  color,  is 
not  art  in  itself,  and  birds  or  insects 
cannot  be  credited  with  "art"  as  they 
only  follow  a  line  of  action  they  have  no 
will  or  power  to  alter.  The  word  "  art," 
as  generally  understood,  is  applied  to  all 
such  matters  as  music,  painting,  sculpt- 
ure, architecture,  medicine,  agriculture, 
&c,  and  may  be  divided  into  two  classes, 
— viz.,  "fine  art"  and  "useful  art."    Music, 


painting,  sculpture,  architecture,  Sue.,  are 
specifically  termed  fine  art.  Medicine, 
agriculture,  &c,  belong  to  useful  art.  It 
is  difficult,  however,  to  define  exactly 
where  "fine  art"  ends  and  "useful  art" 
begins,  the  two  being,  as  they  ought  to 
be,  so  closely  united.  "Art,"  in  the  ab- 
stract, may  be  considered  to  be  that 
which  gives  pleasure  to  the  purely  mental 
faculties  as  opposed  to  the  purely  animal 
passions.  In  this  sense  we  view  and  ac- 
cept the  mental  pleasures  afforded  to  us 
by  music,  painting,  sculpture,  or  litera- 
ture, in  contrast  to  the  bodily  pleasure 
we  obtain  by  warmth  or  coolness,  eating 
and  drinking,  rest,  &c. 

Again,  the  pleasures  afforded  by  art  are 
not  confined  to  individuals  or  nations, 
but  are  universal,  whilst  those  which  are 
corporeal  are  for  the  most  part  personal 
and  selfish.  The  beauties  of  nature,  such 
as  are  seen  in  fine  landscapes,  glowing 
sunsets,  the  flowers,  the  songs  of  birds, 
&c,  yield  pleasure  to  all,  and  of  them 
there  is  no  monopoly,  and  therefore  they 
belong,  in  the  truest  sense,  to  art ;  and  it 
is  in  this  sense,  and  with  this  aim,  viz., 
that  of  giving  the  greatest  amount  of 
pleasure  to  all,  that  the  painter,  the  poet, 
the  musician,  and  the  architect  should 
work.  The  mental  pleasures  which  are 
embodied  in  the  word  "art"  reach  us 
chiefly  through  the  eye  and  ear,  the 
organs  of  smelling,  tasting,  and  feeling 
ministering  more  to  our  bodily  pleasures. 
Of  the  two  which  we  may  call  the  artistic- 
senses,  viz.,  seeing  and  hearing,  the  one 
which  now  concerns  us  at  present  is  that 
of  "seeing,"  for  it  is  by  means  of  sight 
that  we  learn  to  appreciate  those  attri- 
butes of  "art"  that  are  most  nearly  con- 
nected with  works  of  construction,  viz.. 
"sublimity,"  beauty,  grace,  harmony, 
picturesqueness,  proportion,  order,  and 
fitness ;  as,  for  example,  the  agreeable 
effect  designated  by  "  fitness "  is  an 
artistic  pleasure  which  may  be  called  the 
aesthetic  of  the  useful;  as,  when  a  work 
is  not  only  done  effectually,  but  done 
with  the  appearance  of  ease,  or  the  total 
absence  of  restraint,  difficulty,  and  pain. 
we  experience  a  delight  quite  different 
from  the  mere  satisfaction  growing  out 
of  the  end  obtained.  Much  of  the  pleas 
ure  of  architectural  support  is  referable 
to  this  source.  Among  the  pleasures 
that  are  afforded  by  artistic  arrange- 
ments may  be  noticed  the  sense  of  "unity 
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in  multitude  "  arising  when  a  great  num- 
ber of  things  are  brought  under  a  com- 
prehensive design,  as  when  a  row  of  pil- 
lars is  crowned  by  a  pediment.  The  use 
of  simple  figures, — the  triangle,  circle, 
square,  &c, — for  enclosing  and  arranging 
a  host  of  individual  parts  has  a  tendency 
to  make  an  easily  apprehended  whole  out 
of  a  numerous  host  of  particulars.  In  all 
large  works  abounding  in  detail,  we  crave 
for  some  such  comprehensive  plan  where- 
by we  may  retain  the  total  while  survey- 
ing the  parts.  A  building,  a  poem,  a  dis- 
sertation, or  a  speech  should  have  a  dis- 
cernible principle  of  order  throughout, 
the  discernment  of  which  gives  an  artic- 
tic  pleasure  even  to  works  of  pure  utility. 
Let  us  now  proceed  to  consider  my 
third  point,  viz.,  are  engineering  and  art 
of  service  to  each  other,  and  can  they  be 
united  ?  I  think,  perhaps,  it  will  be  as 
well  to  sub-divide  the  question  by  seeing, 
firstly,  whether  engineering  and  art  are 
of  service  to  each  other;  and,  secondly, 
can  they  be  united  ?  Let  us,  then,  begin 
by  considering  how  art  is  benefited  by 
engineering.  Engineering  benefits  art 
when  engineering  is  in  itself  good  and 
right,  and  when  it  does  not  benefit  art, 
it  is  because  it  has  been  wrongfully  and 
improperly  applied,  and  I  must  ask  you 
to  take  this  remark  at  what  it  is  worth, 
for  time  will  not  permit  me  to  go  fully 
into  the  point ;  but,  as  an  instance  of  the, 
good  that  accrues  to  "  art "  from  engi- 
neering, I  may  refer  to  printing,  and  its 
attendent  belongings.  How  much  does 
art  owe  to  it  ?  Truly,  in  the  days  when 
printing  was  unknown,  there  were  then, 
as  now,  poets  and  philosophers  who  ex- 
pressed their  thoughts  in  poetic  language, 
and  chronicled  in  strong  prose  the  ac- 
tions of  their  fellow  men.  But  to  how 
limited  a  number  was  the  pleasure  that 
their  works  afforded  confined,  as  com- 
pared with  the  countless  thousands  who 
now  delight  in  their  genius  ?  Then  every 
copy  had  to  be  painfully  transcribed, 
each  copy  taking  months,  perhaps,  to 
complete.  Now,  by  the  aid  of  engineer- 
ing (machinery),  hundreds  of  copies  can 
be  supplied  daily.  Engraving,  again,  is 
an  art  that  has  greatly  benefited  by  en- 
gineering science ;  for  when  it  was,  as  it 
used  to  be,  confined  to  copper  plates, 
comparatively  few  copies  could  be  pro- 
duced. The  copies  thus  produced  were 
necessarily    so     costly,    that    only    the 


wealthy  could  obtain  them.  Now,  by 
using  steel  plates  and  the  electrotype 
process,  the  copies  are  so  multiplied,  and 
thereby  cheapened,  that  they  are  within 
the  reach  of  all.  Engineering  affords 
great  facilities  for  reproducing  beautiful 
form  and  material,  as,  for  instance,  in 
such  matters  as  porcelain  and  glass  ware, 
iron  and  bronze  work,  textile  fabrics,  &c.y 
thereby  affording  pleasure  to  many.  But 
it  may  be, — as  it  has  been  said, — that  all 
this  tends  to  vulgarize  art,  and  that  ma- 
chinery produced  articles,  however  beau- 
tiful, are  not  artistic,  because  they  have 
been  produced  by  machinery.  This  ar- 
gument (I  speak  with  all  deference)  is,  I 
think,  very  fallacious.  If  a  vase  or  a  cup 
is  in  itself  artistic  in  design,  and  is  good 
art,  so  are  equally  so  the  20,000  copies 
of  it,  provided  they  are  exact  copies,  such 
as  machinery  has  the  power  of  making. 
And,  again,  a  gardener  produces  from  a 
chance  seed,  or,  by  care  in  cultivation,  a 
flower  or  plant  that  has  some  especial 
point  of  beauty,  and  for  which  he  obtains 
a  very  large  price.  By-and-by,  from  cut- 
tings or  other  means  of  propagation,  the 
plant  or  flower  becomes  common,  and  can 
be  bought  for  as  many  pence  as  it  cost 
pounds  before.  The  plant  or  flower  has 
not  changed,  it  has  just  the  same  beauty 
as  it  ever  had,  but  instead  of  pleasing 
only  a  few  it  pleases  many.  And  it  is  on 
the  ground  that  they  give  mental  pleas- 
ure to  many,  that  I  claim  for  the  multi- 
plied copies  of  an  artistic  original  the 
right  to  be  themselves  considered  artistic. 
Engineering  itself,  however,  is  not  artis- 
tic, nor  does  it  directly  produce  art,  but 
it  does  disseminate  it,  and,  therefore,  en- 
gineers may  very  fairly  be  said  to  benefit 
art. 

But  now  let  us  consider  how  art  re- 
ciprocates the  benefits  she  receives  from 
Engineering.  In  the  earlier  days  of  en- 
gineering, art  certainly  was  of  great  ser- 
vice to  engineering  by  teaching  those 
who  practiced  it  to  clothe  their  works 
with  beauty;  it  taught  them,  when  they 
wanted  a  vertical  support,  to  give  it  a 
tapering  form,  to  give  the  gentle  swell 
of  the  entasis  to  the  column,  thus  satis- 
fying the  eye's  sense  of  beauty  and  grace ; 
to  build  the  temple,  the  palace,  and  the 
cathedral  all  with  proper  fitness,  and  all 
with  beauty.  Though  engineering  and 
art  are,  and  have  been,  co-existent,  art  is 
the  master,  directing  and  guiding  engi- 
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neering  into  the  right  paths ;  and  while 
engineering  acknowledges  this  master- 
ship of  art  all  is  well;  but  when,  as  is 
the  case  in  these  modern  times,  engineer- 
ing strives  to  obtain  the  mastery,  the  re- 
sult is  chaos  as  regards  art.  Modern 
engineering  no  longer  pays  allegiance  to 
art,  and  arrogantly  considers  that  it  can 
do  quite  well  without  it,  and  hence  it  is 
that  we  have  gone  on  with  an  increasing 
loss  of  beauty  in  the  works  of  our  modern 
engineering  (this  remark,  however  apply- 
ing only  to  the  civil,  and  not  to  the  me- 
chanical engineer).  The  modern  engi- 
neer seems  utterly  to  ignore  beauty  of 
form ;  if  he  has  to  use  a  vertical  support, 
he  will  probably  make  it  of  the  same 
thickness  all  the  way  up;  if  he  wants  a 
buttress,  he  will  put  a  great  lump  of  ma- 
sonry or  brickwork  in,  without  thought 
as  to  whether  it  will  look  ill  or  well,  but 
calculated,  I  grant  you,  to  do  to  an  ounce 
what  it  has  to  do.  There  is  an  immense 
amount  of  thought  in  their  work,  but  no 
mind, — I  mean  in  an  artistic  sense ;  and 
even  the  thought  they  give  to  their  work 
is  of  a  sordid  kind ;  for  while  they  study 
how  to  use  their  material  economically, 
they  omit  at  the  same  time  to  study  how 
to  make  their  work  pleasing,  thus  leaving 
half  their  work  undone.  I  admit  that 
engineering  possesses  a  strong  point  of 
affinity  to  art  in  its  truth,  and  by  this  I 
mean  the  honest  construction  employed 
by  engineers  in  their  work,  never  dis- 
guising or  hiding  it,  but  letting  it  be 
plainly  visible  to  all;  and  there  is  a  good 
honest  purpose  in  what  they  do,  and  the 
sentiment  of  reality  and  truth,  as  opposed 
to  fiction  and  falsehood,  appealing  as  it 
does  to  our  practical  urgencies,  disposes 
us  to  assign  a  high  value  to  every  work 
in  which  truth  is  strongly  aimed  at,  and 
to  derive  an  additional  satisfaction  in 
work  in  which  fidelity  of  rendering  is  in- 
duced upon  the  charms  peculiar  to  art. 
But  while  we  admit  and  admire  the  truth 
of  the  engineers'  work,  and  give  them 
their  due  meed  of  praise  for  what  they 
do,  we  must  not  forget  at  the  same  time 
to  blame  them,  in  that  they  leave  so 
important  a  part  of  their  work  undone ; 
viz.,  the  making  of  it  artistic.  To  my 
mind  it  is  very  nearly  of  equal  import- 
ance that  a  building,  a  bridge,  or  what- 
ever it  may  be,  should  be  of  good  form 
and  pleasing  to  the  eye,  as  to  be  strong. 
There  is  an   impertinence  and  brutality 


and  want  of  regard  for  the  feeling 
others  in  many  of  the  erections  of  late 
years, — the  work  of  modem  engineers. 
Consider  how  the  Thames  at  London 
has  been  maltreated,  and  I  ask  you,  as 
reasonable  men,  what  right  have  we  to 
inflict  on  ourselves  and  future  genera- 
tions such  awful  examples  of  the  selfish 
disregard  of  all  that  is  beautiful  as  have 
there  been  perpetrated?  Our  forefathers 
left  us,  their  successors,  works  of  beauty. 
What  shall  we  leave  our  successors? 

What  remedy  is  there  for  this?  Can 
Engineering  and  art  be  united,  and  if  so, 
how?  My  answer  is,  yes,  and  by  means 
of  Architecture ;  for  though,  as  I  have 
said,  Architecture  is  to  be  considered  as 
the  child  of  Engineering,  yet  it  is  through 
the  graces  of  that  child  that  we  must  hope 
to  again  reconcile  and  unite  Art  with  en- 
gineering. I  say  "again  reconcile,"'  for 
in  old  days  Art  and  Engineering  were 
united,  and  Architecture  was  their  off- 
spring. We  moderns  have  divorced 
them;  let  us  re-unite  them.  But  how 
will  Architecture  unite  the  two?  Engi- 
neering is  the  science  of  construction. 
Architecture  the  art.  Engineer  is  the 
hard  matter-of-fact,  uneducated  man  of 
business.  Architect  is  the  cultured  and 
polished  gentleman.  Architecture  is 
educated  engineering.  A  man  may  be 
honest,  bold,  truthful,  and  business-like, 
but  hard,  selfish,  and  inconsiderate,  with 
no  knowledge  or  care  for  the  beautiful. 
He  is  the  modern  engineer.  Another 
may  be  honest,  but  timorous,  uncertain, 
and  unbusiness-like,  kindly  considerate 
with  respect  to  the  feelings  of  others,  and 
with  a  great  desire  for  the  beautiful, 
often  failing  from  lack  of  power.  He  is 
the  modern  architect. 

Perhaps  you  will  think  I  do  not  draw  a 
flattering  picture  of  the  representatives 
and  practisers  of  that  art  by  which,  as  I 
have  already  told  you,  art  and  engineer- 
ing can  be  united.  Well,  that  may  be 
true,  but  it  is  only  true  as  regards  the 
modern  architect,  as  my  first  picture  is 
of  the  modern  engineer.  The  modem 
architect  is  as  the  times,  his  own  want  of 
pluck,  and  the  modem  engineer  have 
made  him ;  he,  if  I  may  say  so,  has  been 
bounced  and  bullied  out  of  his  proper 
position  by  the  engineer ;  and  much  that 
of  late  years  has  been  done  by  engineers 
should  have  been  done,  and  would  have 
been  better  done,  by  architects,  if  they 
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liad  but  retained  their  proper  position  by 
keeping  themselves  abreast  of  the  times. 
I  have  given  you  a  figurative  sketch  of 
the  modern  engineer  and  the  modern 
architect.  I  will  give  you  one  as  to  the 
past.  Here  we  have  a  man  who  is  honest, 
bold,  and  truthful,  certain  and  business- 
like, with  kindly  regard  for  the  feelings 
of  others,  an  intense  love  and  knowledge 
of  .the  beautiful,  with  a  desire  that  all 
should  participate  in  the  pleasures  it 
affords,  and  having  the  will  to  do  good 
work,  has  also  the  power  to  execute  it ; 
he  is  the  architect  and  engineer  of  old, 
the  architect  and  engineer  being  one.  .  .  . 
The  difference  in  the  way  an  engineer 
and  an  architect  would  set  about  the 
same  piece  of  work,  if  they  had  it  to  do, 
would,  I  think,  be  as  follows,  viz : — The 
engineer  would  begin  by  studying  the 
purpose  of  the  intended  structure,  then 
consider  as  to  the  best  materials  of  which 
to  erect  it,  and  calculate  to  a  nicety  how 
little  of  each  material  he  could  use.  If 
he  wants  a  door,  he  puts  in  one;  if  he 
wants  a  window,  a  window  is  put  in ;  but 
he  never  studies  or  thinks  for  one  moment 
whether  he  ean,  by  placing  his  door  or 
window  in  some  other  position,  improve 
the  appearance  without  altering  the  util- 
ity of  his  work,  and  the  result  is,  his 
work  is  as  bald  and  ugly  as  possible. 
He  then,  perhaps,  proceeds  to  what  he 
calls  "ornament"  it,  by  sticking  on  here 
and  there  a  moulding,  which  as  likely  as 


not  he  places  upside  down,  thus  destroy- 
ing the  only  grace  his  work  possesses, 
viz.,  truth;  and  then  says,  with  satisfac- 
tion, "See  what  we  engineers  can  do:  we 
want  no  architects  with  styles  and  orders 
to  teach  us  what  to  do."  On  the  other 
hand,  the  architect  (I  speak  of  the  true 
architect)  would  first,  like  the  engineer, 
consider  well  the  purpose  of  his  intended 
building,  and,  like  him,  consider  as  to  the 
best  material  to  build  with,  and  how  best 
to  use  it.  He  also  would  place  his  doors 
and  windows  in  their  most  useful  posi- 
tions; but,  in  addition,  he  would,  from 
the  first  commencement  of  his  work, 
have  in  mental  view  before  him  a  certain 
effect,  which  he  would  strive  to  produce, 
and  thus,  while  so  planning  his  building 
as  best  to  suit  the  requirements  of  the 
work,  he  at  the  same  time  makes  it  pleas- 
ing and  artistic ;  and  when  the  work  is 
finished,  it  needs  not  the  extraneous  aid 
of  moulding  or  applied  ornament,  for  all 
that  is  wanted  in  that  way  forms  part  of 
the  structure  itself.  It  is  common  to 
find  engineers  twitting  architects  with 
their  want  of  knowledge  of  scientific 
construction;  but  I  think  I  can  safely 
say  of  architects  that  they,  as  a  body, 
have  a  far  greater  knowledge  of  practical 
engineering  than  engineers  have  of  archi- 
tecture,—  as  their  works  show, — the 
architect's  failures  in  "construction" 
being  as  nothing  to  the  engineer's  fail- 
ures in  "art." 
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Ix  considering  these  questions  it  is 
important  that  we  should  have  clear 
ideas — first,  as  to  what  is  pure  air ; 
secondly,  for  comparison,  what  altera- 
tion in  the  constituent  parts  of  air  would 
make  it  incapable  of  supporting  life 
( say,  for  instance,  air  in  which  a  candle 
could  not  burn ) ;  and,  thirdly,  between 
this  wide  gulf,  what  may  be  termed 
impure  or  unhealthy  air. 

Air  is  composed  principally  of  a  mix- 
ture of  two  gases,  oxygen  and  nitrogen, 


in  the  proportion  of  about  21  volumes 
of  the  former,  and  79  volumes  of  the 
latter.  Oxygen  is  the  constituent  which 
supports  life  and  combustion ;  nitrogen 
is  an  inert  gas,  which  was  doubtless 
intended  by  the  Creator1  to  dilute  the 
active,  or  life-and-combustion  sustaining- 
gas,  oxygen. 

The  following  may  be  regarded  as  an 
analysis  of  the  purest  air  which  can  be 
obtained : 
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Per  cent,  by  volume. 

Oxygen 20.999 

Nitrogen 77.568 

Carbonic  acid  gas 083 

Water  vapor 1.400 

100.000 

Dr.  Angus  Smith  found  that  if  he 
abstracted  about  2-|  per  cent,  of  oxygen 
from  pure  air,  it  would  not  support 
the  combustion  of  a  candle  and  it  would 
be  impossible  for  any  one  to  live  long  in 
such  an  atmosphere  ;  so  that  the  air,  so 
far  as  life  is  concerned,  may  be  compared 
to  a  reservoir  with  pipes  placed  near  the 
top — the  water  under  the  level  of  the 
jfipes  being  useless,  except  as  affording 
a  support  for  the  top  stratum,  which  can 
be  utilized  by  being  drawn  off;  so  we 
have  18.5  per  cent,  of  the  oxygen  of  the 
air  of  no  greater  value,  as  a  life  sup- 
porter, than  the  water  which  lies  under 
the  level  of  the  pipes  of  our  assumed 
reservoir,  and  we  may  take  it,  therefore, 
that  only  one-eighth  part  of  the  volume 
of  the  oxygen  of  the  air  is  of  practical 
value. 

We  must,  then,  look  moon  air  which 
has  even  a  very  minute  fraction  less  of 
oxygen  than  that  given  in  the  above 
analysis,  as  more  or  less  objectionable  or 
bad,  because  the  part  of  the  total  amount 
of  oxygen  contained  in  the  atmosphere 
available  for  supporting  life  is  so  small. 

The  following  analysis  made  by  Dr. 
Angus  Smith,  shows  the  actual  propor- 
tions of  oxygen  contained  in  air  from 
different  places,  the  last  four  of  which 
cannot  be  regarded  as  otherwise  than 
unhealthy : 

Per  cent,  by  volume 
of  oxygen. 

Tops  of  hills  (Scotland) 20.980 

In  the    outer    circle  of    Man- 
chester (not  raining) 20.947 

Low  parts  of  Perth 20.935 

In    a    sitting-room  which    felt 
close  but  not  excessively  so. .  20.890 

Pit  of  a  theatre,  11.30  p.  in 20.740 

About    backs    of    houses    and 
closets 20.700 

It  will  be  observed,  then,  that  judging 
from  the  deficiency  of  oxygen  alone  in 
the  air  from  the  pit  of  a  theatre,  for  in- 
stance, a  draught  of  over  10  per  cent, 
has  been  made  upon  the  total  available 
oxygen.  Judging,  however,  from  this 
point  of  view,  we  are  assuming  that  the 
place  of  the  oxygen  abstracted  is  filled 
by  an  innocuous  gas,  such  as  nitrogen, 
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which  is  not  the  case.  When  the  oxygen 
is  consumed  by  man,  it  combines  with 
the  carbon  from  his  lungs,  forming  car- 
bonic acid  gas,  which  may  be  regarded 
as  a  positive  poison,  and  if  we  take  the 
amount  of  this  noxious  gas  found  in  a 
theatre,  we  see  by  Dr.  Smith's  analysis, 
that  it  amounts  to  0.320  per  cent.,  being 
10  times  greater  than  that  found  in  pure 
air.  In  Manchester  streets,  in  ordinary 
weather,  the  air  was  found  to  contain 
0.403  per  cent,  of  carbonic  acid  gas,  and 
although  this  is  a  very  small  fraction,  it 
is  yet  about  20  per  cent,  greater  than 
that  found  in  pure  air. 

When  we  consider  that  a  healthy  man 
will  pass  through  his  lungs  about  2,000 
gallons  of  air  per  day  of  24  hours,  we 
see  that  he  will  during  that  time  inhale 
5J  pints  of  carbonic  acid  gas  in  the  coun- 
try, and  6^  pints  in  the  streets  of  Man- 
chester, and  about  51  pints  in  an  atmos- 
phere such  as  that  found  in  the  pit  of  a 
theatre. 

These,  however,  together  with  organic 
emanations,  are  the  impurities  which  are 
found  in  air  polluted  by  the  breathing  of 
animals,  but  these  are  not  the  only  im- 
purities found  in  the  air  of  large  towns  ; 
others  more  irritating  and  poisonous  pro- 
ceed from  the  burning  of  coal,  to  which 
I  will  refer  later  on  ;  but  to  confine  our- 
selves to  the  physiological  effects  of  ah1 
charged  with  large  quantities  of  carbonic 
acid,  such  as  that  found  in  a  theatre,  I 
will  refer  to  certain  statistics.  It  is  well 
known  that  children  who  are  kept  after 
birth  in  badly  ventilated  rooms,  die  in 
large  numbers  from  what  were  termed 
"nine-day  fits."  In  1783,  Dr.  Joseph 
Clarke,  master  of  the  Rotunda  Hospital 
in  Dublin,  recorded  that  during  25  years 
in  that  hospital,  when  the  ventilation  was 
bad,  no  fewer  than  3,000  out  of  18,000 
children  born  there  died  within  the  first 
fortnight  of  their  birth.  The  number  of 
these  cases  at  once  rapidly  diminished  as 
soon  as  the  better  ventilation  of  the  wards 
was  attended  to,  so  that,  in  the  following 
28  years,  out  of  15.072  children  born, 
only  550  died,  being  1  in  every  104.  instead 
of  1  hi  6,  as  was  the  case  previous  to  the 
better  ventilation ;  and  since,  Dr.  Me 
Clintock,  one  of  the  successors  of  Dr. 
Clarke,  Reported  in  18(31.  that  further  im- 
provements having  been  made  in  ventila- 
tion, the  disease  was  then  almost  un- 
known. 
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Again,  in  the  Mediteranean  squadron, 
a  fearful  lung  disease  made  its  appear- 
ance among  the  men  in  1861,  which  was 
found  to  be  due  to  the  want  of  proper 
ventilation  in  the  lower  decks  of  the 
ships  where  the  men  slept.  The  lung  is 
a  most  delicate  organ,  in  which  the 
blood  meets  with  the  air  which  we 
breathe.  The  air  passes  into  the  lungs, 
through  air  tubes,  which  divide  and  sub- 
divide, like  the  stem  and  branches  of  'a 
tree,  each  branchlet  ending  in  a  small 
ah'  cell  or  leaf,  which  is  formed  of  a  deli- 
cate membrane,  not  more  than  the  thick- 
ness of  a  soap  bubble  ;  and  the  lungs  of 
a  full-grown  man  contains  six  hundred 
millions  of  these  leaflets  or  air-bags. 
The  membrane  of  these  delicate  air-bags 
is  covered  with  fine,  hair-like  blood  ves- 
sels, through  which  the  blood  flows,  and 
thus  spreading  over  an  enormous  surface 
it  becomes  aerated.  The  blood  from  one 
side  of  the  heart,  charged  with  the  im- 
purities, etc.,  which  it  has  received  from 
the  body,  passes  across  the  lungs 
through  the  tiny  blood  vessels  on  the 
delicate  membrane,  and  there  meets  with 
the  air,  the  oxygen  contained  in  which 
burns  or  oxidizes  the  impurities  in  the 
blood,  carrying  them  away  as  carbonic 
acid  gas,  which  we  exhale,  along  with  the 
nitrogen  and  excess  of  oxygen.  This 
delicate  organ  is  protected  from  injury 
by  a  variety  of  means.  If,  for  instance, 
a  particle  of  solid  matter  or  liquid,  for 
instance,  touches  the  air  passages  as  is 
sometimes  the  case  in  eating  or  drinking 
when  the  liquid  or  food  is  said  to  "  pass 
into  the  wrong  throat, "  a  reflex  action  is 
produced,  involuntary  coughing  takes 
place,  and  the  intruding  matter  is  ex- 
pelled. If,  however,  the  particles  of 
matter  be  not  sufficiently  large  to  pro- 
duce violent  coughing,  it  produces  a 
rapid  secretion  of  mucus  from  the  mucus 
membrane  of  the  air  passages,  in  the 
same  way  as  a  particle  of  dust  coming 
in  contact  with  the  eye  produces  a  flow 
of  tears,  which  eventually  washes  away 
the  irritating  particle.  The  mucus,  or 
living  membrane,  or  skin  of  the  air  pas- 
sages, is  also  provided  with  another  most 
ingenious  appliance;  it  is  covered  with 
myriads  of  minute  hairs  or  cilia,  which 
are  in  constant  motion,  like  a  field  of 
corn  in  the  breeze,  so  that  when  the 
mucus  secretion,  which  is  a  glairy  fluid, 
has  taken  hold  of  the  offending  particle, 


the  movement  of  the  small  hairs  passes  it 
slowly  along,  till  it  comes  near  to  the  top 
of  the  trachea,  or  wind-pipe,  when  the 
mixture  of  foreign  matter  and  mucus  may 
be  finally  dislodged  by  coughing. 

The  results  of  this  process  can  be  ob- 
served when  we  breathe  some  time  in  the 
open  air  during  a  fog  in  a  large  town. 
The  air  then  contains  a  copious  amount 
of  soot  in  suspension,  which  finds  its  way 
into  the  air  passages,  and  which  is  ulti- 
mately expelled  mixed  with  phlegm,  the 
whole  being  sometimes  of  a  dark  or  even 
black  color. 

If,  however,  the  air  passages  are  con- 
stantly being  irritated  by  small  particles 
of  foreign  matter,  the  mucus  membrane 
gradually  loses  the  power  of  performing 
its  normal  functions,  and  becomes  dis- 
eased, and  this  diseased  condition  soon 
extends  to  the  lung  itself.  Remarkable 
examples  are  to  be  found  of  diseases 
originating  directly  from  this  cause  in 
the  men  employed  at  certain  manufac- 
tories, such  as  knife  and  fork  grinders, 
where  the  fine  particles  of  steel  float  in 
the  air,  and  are  inhaled  by  the  men. 
The  lives  of  the  men  engaged  in  such  oc- 
cupations are  extraordinarily  short,  a 
knife  or  fork  grinder  being  considered  an 
old  man  at  the  age  of  thirty,  and  if  he 
has  worked  at  his  trade  from  boyhood 
without  using  fan  appliances  to  take 
away  the  steel  dust,  as  most  of  them  do,, 
having  a  strong  prejudice  against  any 
such  apparatus,  they  often  commence  at 
the  age  of  twenty-five  or  twenty-six  to 
die  of  a  long  and  painfull  illness,  result- 
ing from  lung  disease. 

This  may  serve  as  an  example  of  how 
the  lives  of  men  may  be  much  shortened, 
by  the  irritation  resulting  from  inhaling 
minute  particles  of  a  hard  and  angular 
dust,  but  the  minute  particles  of  carbon 
which  float  in  the  air  of  our  large  towns, 
and  which  may  be  found,  adhering  to  the 
sides  of  the  air  passages  of  the  nostrils, 
for  instance,  after  one  has  spent  some 
few  hours  in  a  town,  assuredly  have  an 
injurious  effect  upon  the  health  and  fives 
of  the  inhabitants.  The  same  kind  of 
irritation  may,  however,  be  produced  by 
the  inhaling  of  noxious  gases,  which  are 
also  found  in  town  air. 

Many  other  cases  of  consumption  be- 
ing produced  in  strong,  healthy  men,  by 
breathing  impure  air,  may  be  given ;  but, 
as  one  more  instance  of  the  pernicious 
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effects  of  bad  air,  we  may  refer  to  the 
average  life-time  of  the  people  living  at 
different  places,  which  will  speak  for  it- 
self. 

In  London,  the  average  life-time  is  29  years. 

"    Manchester                 "  21      " 

"    Surrey                         "  34      " 

"    France                         "  34      " 

"    England                      "  29      " 

Supposing  a  man  to  take  pure  air  into 
his  lungs,  containing,  as  it  does,  about  21 
per  cent,  of  oxygen  and  yl^-ths  of  a  per 
cent,  of  carbonic  acid  gas  when  he  ex- 
hales it,  the  carbonic  acid  gas  would  be 
found  to  have  increased  to  5  per  cent., 
and  the  oxygen  to  have  diminished  to 
about  13  per  cent.  If  he  were  compelled 
to  breathe  again  the  same  air,  death 
would  ensue  in  a  few  minutes ;  this  air 
must,  therefore,  be  largely  diluted  with 
pure  air,  and  different  hygienic  authori- 
ties hold  that  each  volume  of  air  exhaled 
should  be  mixed  or  diluted  at  once  with 
from  130  to  200  volumes  of  pure  air,  and 
that  whilst  a  healthy  man  cannot  pass 
through  his  lungs  more  than  about  72 
gallons  of  air  per  hour,  he  should  be  sup- 
plied with,  at  least,  10,000  gallons,  that 
the  impurities  exhaled  may  not  prove 
poisonous  or  deleterious  to  him. 

The  above  facts  show  us  the  vast  ne- 
cessity of  being  supplied  with  pure  air, 
and  yet,  strange  to  say,  this  is  one  of 
the  points  which  by  the  generality  of 
men  least  attention  is  paid.  Millions  of 
money  are  being  spent  to  obtain  for  our 
towns  liberal  supply  of  pure  water,  which, 
is  no  doubt,  most  important  for  our  wel- 
fare, but  of  much  less  importance  than 
the  supply  of  pure  air.  What  a  lamenta- 
ble sight  is  presented  to  us,  when  we  go 
to  the  top  of  a  hill  near  to  one  of  our 
large  towns  and  look  down  upon  it.  We 
observe  that  it  is  enveloped  in  one  vast 
cloud  of  smoke,  and  yet  in  such  atmos- 
pheres thousands  are  living,  suffering, 
and  prematurely  dying;  and  still  more 
marked  to  the  eye  is  the  injurious  effects 
which  such  atmospheres  have  upon  plant 
life.  Few  plants  or  trees  can  grow  in  or 
near  our  large  towns,  and  those  which 
do  stand  better  these  injurious  influences 
become  weaker  and  weaker  every  year, 
until  they  ultimately  succumb. 

We  ask  what  is  the  cause  of  this,  and 
the  answer  is  undeniable.  It  is  owing  to 
the  gases  produced  from  the  burning  of 
coal.     When  coal  is  consumed,  a  large 


number  of  different  products  of  combus- 
tion are  formed,  which  escape  up  the 
chimney  and  enter  the  outside  air.  Coal 
is  burned  in  large  towns  for  two  purpos- 
es, the  one  for  the  processes  of  manu- 
facturing, the  other  for  heating  our  rooms 
and  for  culinary  purposes.  Up  to  the 
present  time,  wealth  has  almost  entirely 
ignored  the  nuisance  produced  from  the 
house  smoke,  but  has  acted  vigorously 
against  that  produced  from  manufactures: 
and  although  this  is  a  step  in  the  right 
direction,  it  is  unfortunate  that  it  has 
only  attacked  by  far  the  lesser  of  the 
two  nuisances. 

The  smoke  or  gases  produced  from 
coal  used  in  manufacturing  are  of  a  dif- 
ferent composition  from  those  produced 
by  coal  burnt  in  the  ordinary  room  or 
kitchen  grates.  In  the  former,  the  coal 
and  its  products  are  more  completely 
burned  than  in  the  latter ;  that  this  is  so 
may  be  observed  by  looking  at  a  room- 
fire  in  comparison  with  the  fire  under  a 
large  boiler.  The  general  mode  of  keep- 
ing up  the  fire  in  an  ordinary  room  grate 
is  to  put  some  pieces  of  coal  on  to  it 
when  necessary,  either  as  large  pieces 
when  the  fire  is  intended  to  last  for  some 
considerable  time,  or  as  small  pieces,  or 
as  a  mixture  of  both,  when  a  good  fire  is 
required;  in  any  case  we  may  observe, 
when  this  is  done,  that  a  distillation  takes 
place,  and  a  yellow  vapor  begins  to  flow 
slowly  up  the  chimney,  and  later  on 
these  products  become  ignited;  on  the 
other  hand,  the  gases  evolved  froin  the 
coal  by  distillation  in  the  front  are  com- 
pletely consumed  in  passing  over  the 
red-hot  fuel  in  the  back  part  of  the  fur- 
nace. The  smoke,  therefore,  from  domes- 
tic fires  is  of  a  more  complicated  nature, 
and  more  injurious  to  the  health  of  men 
and  animals  than  the  thoroughly  burned 
products  which  escape  from  furnace  fires. 
and  not  only  so,  but  the  smoke  from  do- 
mestic fires  is  distributed  all  over  our 
towns,  and  allowed  to  escape  into  the  air 
generally  not  more  than  a  few  yards  from 
the  level  of  the  streets,  and  it  is  wafted 
down  by  the  wind  or  air  civrrents,  con- 
taminating the  air  which  we  have  to 
breathe,  and  making  it  look  as  if  a  faint 
haze  existed  everywhere  in  our  town 
atmospheres  ;  indeed,  in  my  opinion,  the 
sanitary  conditions  would  not  be  ma- 
terially improved  if  all  the  manufacturing 
industries  at  once  ceased  to  exist.     This 
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is  borne  out  by  a  paper  read  before  the 
Manchester  Philosophical  Society  by  Mr. 
Peter  Spence  in  1869,  in  which  he  de- 
scribes the  results  of  a  series  of  experi- 
ments made  at  his  own  house  with  blue 
litmus  paper.  These  papers  were  changed 
morning  and  evening  for  some  time,  until 
he  became  an  expert  judge  of  changes  in 
color  produced  by  the  air  blowing  from 
different  directions.  He  found,  as  a 
rule,  that  on  Saturdays,  when  the  manu- 
factories were  not  working,  more  acidity 
was  observed  in  the  air  than  on  any 
other  day  or  night  in  the  week. 

The  principal  impurities  found  in  the 
air  of  large  towns  are  soot,  hydrocarbons, 
sulphide  of  ammonium,  carbonic  acid, 
sulphurous  acid,  carbonic  oxide,  and 
probably  very  minute  quantities  of 
arsenic  expelled  from  the  pyrites  existing 
in  the  coal.  All  these  are  due  to  coal 
smoke,  others  exist  such  as  emanations 
from  putrid  or  decomposing  organic 
matter,  but  by  far  the  greatest  quantity 
of  atmospheric  impurities  in  large  towns 
can  be  traced  to  the  emanations  from 
burning  coal.  The  sulphur  compounds 
contained  in  the  different  atmospheres  is 
regarded  by  Dr.  Angus  Smith  as  a  meas- 
ure of  the  pollution  of  the  air  from  coal 
smoke  and  other  causes,  such  as  putre- 
faction and  decomposition,  but  principal- 
ly from  the  former,  and  these  com- 
pounds, such  as  sulphurous  and  sulphuric 
acids,  &c,  he  has  estimated ;  and,  calcu- 
lating the  sulphur  compounds  into  sul- 
phuric acid,  he  has  arranged  the  follow- 
ing interesting  table  of  results.  Taking 
the  sulphates  in  the  air  found  in  Valentia, 
in  Ireland,  as  100,  we  have  the  following 
amounts  found  in  various  places  through- 
out the  United  Kingdom : 

Scotland. — Sea-coast    country     places, 

west 132.2 

England. — Inland  country  places 202.2 

Scotland. — Towns  (Glasgow  not  inclu- 
ded   604.4 

London,  1869 750.5 

English  towns 1255 . 3 

Manchester,  1869 1526. 

"    ■        1870 1757.8 

Glasgow 2591 . 

Again,  Dr.  Smith  compares  the  amount 
of  acidity,  or  free  acid  in  the  air  of  differ- 
ent places.  The  free  acid,  as  a  rule, 
comes  directly  from  the  burning  of  coal, 
and  may  be  regarded  specially  as  the 
plant-destroying  ingredient  of  town  air. 
He  gives  the  amount  of  ammonia  which 


is  eliminated  principally  from  the  burn- 
ing of  coal,  and  the  following  gives  some 
of  these  results.  In  the  case  of  acidity, 
the  air  of  Valentia  contains  none,  and 
cannot,  therefore,  be  taken  as  a  standard 
of  comparison;  but,  for  ammonia,  the 
amount  found  therein  is  taken  as  unity. 
Here  follows  the  table : — 

Acidity.    Ammonia, 

None.  1 


Ireland. — Valentia 

Scotland.  — Sea-coast  coun- 
try places,  west 

England  — Inland  country 
places 

London,   1869 

Manchester,  average  of  1869 
and  1870 

Ditto,  1870 

Glasgow 


1  2.69 

None  5 .  94 

27.97  19.17 

73.44  35.94 

86.76  36.54 

109.16  50.55 


The  question  has  often  been  raised  as 
to  whether  black  smoke  did  more  damage 
to  animals  and  plants  than  the  products 
of  the  complete  combustion  of  coal,  and 
some  held  the  view  that  black  smoke  was 
innocuous,  whilst  others  held  that  it  was 
highly  deleterious. 

It  has  been  shown  that  if  a  plant  be 
completely  covered  with  pure  carbon,  the 
plant  will  grow  luxuriantly,  but  it  has 
also  been  shown  that  soot  is  not  pure 
carbon,  but  is  carbon  saturated  with  sul- 
phurous and  sulphuric  acids,  tarry  mat- 
ters, ammonia  salts,  &c,  and  it  has  been 
equally  clearly  shown  that  soot  or  black 
smoke  is  highly  destructive  to  plant  life. 
The  soot,  or  black  smoke,  no  doubt  acts 
injuriously  on  plants  in  two  ways,  the 
first  mechanically,  by  the  tarry  ingredi- 
ents interfering  with  the  free  action  of 
the  stomata,  or  breathing  orifices  of  the 
leaves;  the  second  chemically,  by  the 
acids,  salts,  and  other  substances  which 
would  be  washed  from  the  smoke  de- 
posited on  the  leaves  by  the  dew  or  rain 
which  comes  in  contact  with  it,  these 
substances  would  be  absorbed  into  the 
substance  of  the  leaf,  and,  coming  in  ' 
contact  with  the  juices  of  the  plant, 
would  decompose  it,  and  so  render  it 
incapable  of  imparting  nourishment.  It 
is  remarkable  to  observe  that  the  leaves 
of  plants  and  shrubs  in  large  towns  are 
generally  so  thickly  covered  with  smoke, 
that,  if  they  be  rubbed  between  the 
fingers,  the  latter  will  be  much  soiled  or 
completely  blackened.  The  effect  of  the 
air  of  large  towns  is  to  prevent  the  early 
budding  of  the  leaves  of  the  trees  and 
plants,  and  to  make  the  leaves  fall  early 
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in  the  autumn,  or  before  it  sets  in.  It  is 
clear,  then,  that  it  would  be  a  great 
advantage,  to  both  animal  and  plant  life, 
if  black  smoke  were  not  emitted  from 
chimneys,  because  it  falls  rapidly  on  to 
the  plants,  bringing  with  it,  and  conse- 
quently acting  as  a  vehicle  for  carrying, 
the  really  noxious  ingredients  of  the 
smoke.  It  also  falls  on  and  blackens  the 
magnificent  public  buildings  which  most 
English  towns  possess ;  and,  not  only  so, 
but  injures  the  stone  and  carving  ex- 
posed to  it,  by  reason  of  the  dirt  being 
washed  from  it  into  the  stone,  many 
kinds  of  which  ultimately  undergo  a 
crumbling  process  from  that  cause.  It 
is  evident,  then,  that  it  is  important  that, 
if  possible,  coal  should  be  burned  thor- 
oughly, and  no  black  smoke  produced, 
because,  as  I  have  mentioned,  it  injures, 
not  only  plant  and  animal  life  and  build- 
ings, but  soils  everything  which  the  good 
housewife  considers  worthy  of  being  kept 
free  from  stain.  If,  then,  it  be  found 
that  cleanliness  can  only  be  obtained  or 
retained  at  an  immense  cost  of  labor, 
many  will  lose  heart,  and  become  con- 
tented to  remain  dirty;  and  so  the  emis- 
sion of  black  smoke  from  chimneys 
should  and  does  prove  a  great  social  evil. 
If,  however,  the  smoke  were  completely 
consumed  whenever  coal  is  used,  the  evil 
would  not  be  stamped  out,  because  the 
rain  which  falls  in  large  towns  dissolves 
from  the  atmosphere  the  impurities  which 
it  brings  down  with  it,  and  which  prove 
highly  deleterious  or  poisonous  to  the 
plant.  It  is  calculated  that  about  1^ 
millions  of  tons  of  ammonia,  or  salts  of 
ammonia,  are  dissolved  per  annum  from 
the  atmosphere  by  the  rain  which  falls 
on  the  globe,  and  this  furnishes  the 
plants  with  a  most  valuable  food — the 
ammonia  being  formed  in  nature  by  the 
electric  discharge,  or  lightning,  or  by  the 
decomposition  of  animals  and  plants. 
What  a  vast  difference  is  presented  by 
the  rain  water  which  falls  in  and  near 
towns.  If  a  vessel  be  exposed  in  a 
town  the  rain  water  falls  into  it,  but  so 
does  the  black  smoke,  and  after  a  few 
days  if  the  water  and  soot  which  has 
fallen  be  mixed  together,  the  liquid  will 
present  an  inky  appearance,  and  will 
change  the  color  of  blue  litmus  to  red, 
whilst  a  vessel  left  for  the  same  length 
of  time  in  a  country  place  will  be  free 
from  sooty  or  noxious  ingredients. 


Lastly,  I  may  mention  that  it  has  been 
calculated  that  about  two  millions  of 
pounds  worth  of  property  are  destroyed 
in  London  and  its  vicinity  alone  per 
annum  by  the  emanations  from  burning 
coal.  I  do  not  vouch  for  the  accuracy 
or  otherwise  of  the  last  calculation,  but, 
doubtless,  we  have  sufficient  proof  that 
an  immense  amount  of  property  is  annu- 
ally destroyed  by  allowing  coal  smoke  to 
enter  our  atmosphere,  as  it  does  at  the 
present  time  in  England ;  and  this  is  one 
of  the  points  which  weighs  heavily  in  the 
scale  on  one  side  to  show  that,  even  if 
some  scheme  were  devised  and  worked, 
even  at  great  cost,  it  is  probable  that. 
looked  at  from  a  commercial  point  of 
view,  from  depreciation  by  damage  to 
property  alone,  the  scheme  might  prove 
a  success;  but  this  is  one  of  the  least 
important  items  in  the  problem.  One 
which  stands  much  higher  is  the  in- 
creased degree  of  health  which  even  the 
strongest  of  town  inhabitants  would 
experience,  even  by  a  small  mitigation  of 
the  amount  of  impurities  thrown  into  the 
air.  I  think  that  any  one  who  works  in 
the  vitiated  atmospheres  of  towns  must 
feel,  if  he  has  tried  it,  that  he  can  do 
more  work,  and  can  do  it  more  easily 
and  comfortably,  in  the  atmosphere  of  a 
country  place  than  in  that  of  a  town,  and 
further,  that  he  requires  less  food  when 
working  in  a  pure  atmosphere  than  when 
employed  in  a  vitiated  one,  the  wear  and 
tear  on  the  system  being  much  greater  in 
the  latter. 

If,  then,  it  were  possible  to  secure  a 
fine  atmosphere  in  towns,  what  a  vast 
benefit  would  be  conferred  upon  the  in- 
habitants. It  would  tap  thousands  of 
springs  of  energy  which  at  present  are 
kept  dormant,  and  that  energy,  if  direct- 
ed towards  the  development  of  the  conn- 
try  would  bring  back  to  it  much  of  the 
prosperity  of  which  it  at  present  so  much 
needs;  but,  above  all,  it  would  give  an 
increased  supply  of  good  health  and 
spirit,  and  woidd  prevent  many  of  cur 
unfortunate  citizens  from  wasting  their 
money  and  destroying  themselves  men- 
tally, morally,  and  physically,  by  exces- 
sive indulgence  in  stimulants. 

So  much,  then,  for  the  benefits  which 
would  be  gained  by  improved  sanitary 
conditions  of  our  atmospheres:  and  I 
come  now  to  the  question  whether  it  be 
practicable  to  prevent  much  of  the  con- 
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taininations  which  at  present  find  their 
way  into  our  atmospheres,  and  I  think 
there  there  can  be  no  doubt  that  it  is. 
Schemes  have  been  discussed  of  draining 
away  the  noxious  gases  from  our  chim- 
neys, and  passing  them  along  the  sewers, 
and  ultimately  allowing  them  to  escape 
into  the  atmosphere  from  the  tops  of  tall 
chimneys,  but  nothing  was  brought  for- 
ward of  a  definite  nature  till  Mr.  Peter 
Spence,  F.C.S.,  of  Manchester,  the  well- 
known  manufacturing  chemist,  made  the 
necessary  calculations,  and  embodied  his 
scheme  in  a  paper  read  before  the  Man- 
chester Philosophical  Society,  22  years 
ago.  To  give  his  ideas  in  as  few  words 
as  possible  he  says  that  it  is  practicable 
to  build  a  chimney  600  feet  high,  140 
feet  external  diameter  at  the  bottom,  and 
100  feet  internal  diameter  at  the  top,  at 
a  cost  of  about  £40,000,  and  calculating 
the  amount  of  air  required  for  the  com- 
plete combustion  of  the  whole  of  the  coal 
burned  in  Manchester,  assuming  that  that 
air  would  enter  the  tall  chimney  at  a  tem- 
perature of  100°  Fall,  (about  the  tempera- 
ture of  the  human  body),  the  column  of 
air  would  ascend  at  the  rate  of  about  40 
feet  per  second,  and  would  be  capable  of 
carrying  away  about  ten  times  as  much 
air  as  that  required  for  the  combustion 
of  all  the  coal  employed  in  Manchester. 

We  may,  assume,  however,  that  if  such 
a  chimney,  were  built,  and  subsequently 
found  incapable  of  doing  the  necessary 
drainage  work,  it  is  possible  that  a  large 
fan  could  be  erected  in  connection  with 
the  chimney,  and  the  draught  so  aided  by 
mechanical  power. 

The  scheme  has  many  interesting 
points  connected  with  it.  First,  it  com- 
bines the  liquid  and  gaseous  sewage,  and 
makes  the  one  in  many  respects  neutralize 
the  other.  The  sulphurous  acid,  hydro- 
carbon, &c,  from  the  coal  smoke,  would 
prevent  the  decomposition  of  the  liquid 
sewage,  whilst  the  liquid  sewage  would 
condense  much  of  these  noxious  sub- 
stances from  the  smoke  which  now  con- 
taminate our  atmosphere.  Again  there 
would  be  a  constant  draught  through  the 
sewers,  and,  consequently,  it  would  be 
impossible  for  any  foul  air  to  escape  from 
them ;  on  the  contrary,  if  there  should 
happen  to  be  any  leak  in  the  sewers,  the 
pure  air  would  flow  into  them,  instead  of, 
as  is  the  case  at  the  present  time,  the 
foul  air  of  the  sewers  finding  its  way  out 


from  every  crack  into  our  houses;  be- 
cause it  seems  almost  practically  impos- 
sible to  keep  sewers  so  tight  that  ob- 
jectionable smells  will  not  proceed  from 
them — when  one  place  is  made  tight  the 
bad  odors  make  themselves  evident  from 
another.  Mr.  Spence  relates  an  interest- 
ing method  by  which  he  prevented  the 
sewer  gases  from  entering  his  house.  He 
found  that  one  of  the  bedrooms  in  a 
house  which  he  had  occupied  for  a  short 
time  could  not  be  used,  owing  to  the  bad 
smells  which  evidently  found  their  way 
through  some  cracks  in  the  wall  of  the 
room,  and  he  hit  upon  the  plan  of  join- 
ing a  4-inch  iron  pipe  with  the  sewer  at 
one  end,  and  placing  the  other  end  a  few 
feet  up  the  kitchen  chimney.  The 
draught  from  the  chimney  so  far  venti- 
lated the  flue  that  the  smell  from  the 
bedroom,  almost  immediately  after  this 
arrangement  was  completed,  ceased  to 
exist.  This  scheme  might  materially 
help  the  solving  of  the  liquid  sewage 
problem,  inasmuch  as  less  water  would 
be  required  to  be  passed  along  the  sew- 
ers, and  the  slightly  diluted  sewage 
would,  in  its  passage  along,  meet  and 
dissolve  from  the  coal  smoke  the  am- 
moniacal  salts  which  it  contains,  and  the 
liquid  might  afterwards  be  treated  di- 
rectly for  the  recovery  of  these  valuable 
products,  which  might  be  converted  into 
the  products  richer  in  plant  nourishment 
than  the  richest  guanos. 

Mr.  Silence  calculated  that,  by  the 
burning  of  two  millions  of  tons  of  coal 
in  Manchester  and  Salford,  about  20,000 
tons  of  sulphate  of  ammonia  could  be 
produced,  all  of  which,  by  his  scheme, 
would  be  deposited  in  the  tunnels  and 
added  to  the  sewage;  and  taking  its 
average  value  at  £15  per  ton,  would  be 
worth  £3.00,000,  a  heavy  item  to  be 
thrown  away  uselessly  and  harmfully 
into  the  atmosphere,  and,  taking  this  in 
combination  with  the  mammal  value  of 
the  sewage,  he  considers  that  about 
£800,000  per  annum  might  be  realized 
by  its  sale.  This,  then,  is  another  point 
which  adds  to  the  prospect  of  the  finan- 
cial success  of  such  a  scheme. 

Other  schemes  have  been  suggested 
for  the  prevention  of  the  pollution  of  our 
atmosphere,  such  as  the  preparation  of 
purified  coal  gas  from  the  coal,  and  using 
that  as  fuel.  We  are,  however,  a  conserv- 
ative people,  and  any  material  improve- 
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merits  which  are  made  must  be  done 
slowly  and  cautiously.  I  understand  that 
Mr.  Spence's  system  has  been  adopted 
at  the  Assize  Courts  in  Manchester,  where 
all  the  fires  are  ventilated  into  the  same 
chimney,  and  that  it  will  be  adopted  in 
the  New  Law  Courts  of  London ;  whilst 
I  believe  that  the  full  scheme  advocated 
by  Mr.  Spence  and  others  will  ultimately 
be  adopted  in  all  large  towns.  Mr. 
Spence,  who  has  spent  much  time  during 
his  life  in  the  study  of  those  matters, 
and  who  has  a  thorough  knowledge  of 
what  work  can  be  done  by  large  chim- 
neys, &c,  informed  me  a  few  days  ago, 
that  he  saw  no  reason,  since  he  first 
brought  forward  that  scheme,  twenty-two 
years  ago,  of  altering  his  opinion  as  to  its 
practicability.  The  £>oint,  however,  which 
I  wish  to  be  most  clearly  brought  for- 
ward in  this  paper,  is  that,  considering 
the  vast  and  growing  importance  of  the 
subject,  some  means  should  at  once  be 
taken  to  mitigate  the  nuisance,  and  re- 
duce the  impurities  which  we  are  now 
compelled  to  breathe  in  our  large  towns, 
and  this  may  be  done  with  certainty, 
simplicity  and  little  expense,  by  joining 
all  the  chimneys  in  each  block  or  line  of 
buildings  together,  for  instance,  and  con- 
necting them  into  one  chimney,  which 
should  stand  considerably  above  the  tops 
of  the  houses.  Much  of  the  impurities 
would  be  condensed  and  deposited  in  the 
flues  before  the  smoke  reached  the  chim- 
ney, and  it  would  allow  of  greater  diffu- 
sion of  the  noxious  gases  which  escaped 
from  its   increased   height,    so   that  we 


should  require  to  inhale  less  of  them, 
and  further  it  would  increase  the  draught 
in  every  chimney  so  joined.  The  draught 
could  then  be  easily  regulated  by  damp- 
ers; and,  lastly,  it  would  be  preparing 
the  way  to  centralize  the  points  at  which 
the  smoke  should  be  allowed  to  escape, 
until  lastly  a  chimney  of  immense  height 
would  take  the  smoke  and  fumes  suffi- 
ciently high  to  prevent  their  ever  reach- 
ing our  level. 

Weighed  against  the  comparatively 
small  expense  which  the  carrying  out  of 
some  such  plan  would  entail,  the  immense 
benefit  which  would  be  derived  from  it, 
it  certainly  seems  astonishing  that  some- 
thing has  not  before  been  attempted  in 
this  direction.  Each  fraction  of  a  per- 
centage of  impurity  which  we  are  com- 
pelled to  breathe  adds  considerably  more 
to  the  drag  which  is  thus  put  on  the 
wheels  of  human  energy,  and  it  kills  the 
plants  and  trees  which  were  provided  by 
nature  to  purify  the  air  from  the  neces- 
sary contamination  produced  from  the 
breathing  of  animals,  and  to  refresh  and 
delight  the  eye  and  the  mind  by  their 
beauty.  The  smoke  also  prevents  the 
free  entrance  to  our  towns  of  the  rays  of 
the  health-giving  sun. 

The  benefits  which  might  be  derived 
from  having  a  pure  atmosphere  in  our 
large  towns  can  scarcely  be  estimated, 
and  I  trust  that  this  Society  will  spare 
some  of  its  talent  and  energy  in  the  fu- 
ture in  trying  to  improve  the  sanitary 
condition  of  the  air  of  our  lame  towns. 


RIVER  CONTROL  AND  MANAGEMENT.* 

Bt  J.  CLARKE  HAWKSHAW. 
From  "  Engineering." 


The  question  of  the  management  of 
the  rivers  of  this  country  is  one  that  is 
yearly  assuming  more  importance.  Royal 
Commissions  and  Committees  of  both 
Houses  of  Parliament  have  been  appoint- 
ed of  late  years  to  consider  the  best 
means  of  preventing  pollution,  of  pre- 
venting floods,  and  of  providing  for  the 
control  and  management  of  rivers.    Many 
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facts  have  been  accumulated  and  some 
valuable  recommendations  have  been 
made  which  woirld  go  far  to  remedy  the 
existing  evils.  It  is  to  be  hoped  that 
decisive  legislation  will  not  be  long  de- 
ferred. 

During  the  last  three  years  I  have  had 
occasion  to  examine  the  greater  part  of 
three  river  basins,  those  of  the  Clyde, 
the  Witham,  and  the  Upper  Thames,  for 
the   piu'pose   of    obtaining    detailed   in- 
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formation  for  my  father  who  has  reported 
on  them.  In  the  case  of  the  Cylde  he 
was  appointed  Royal  Commissioner  to 
inquire  into  the  best  means  of  prevent- 
ing the  pollution  of  that  river,  in  the 
other  cases  he  was  called  upon  to  report 
on  the  best  means  of  preventing  floods. 
This  being  the  case  (and  seeing  that  the 
question  of  water  supply  has  formed  the 
leading  topic  of  the  president's  address 
in  this  section)  I  have  thought  that  a 
few  remarks  on  river  control  may  prove 
of  some  interest  to  members  of  the  sec- 
tion. In  this  country,  although  so  many 
great  engineering  works  have  been  car- 
ried out,  we  have  little  cause  to  congrat- 
ulate ourselves  on  the  condition  of  our 
rivers.  Periodically  thousands  of  acres 
of  land  are  flooded,  and  crops  on  them 
are  destroyed  and  villages  and  towns  are 
inundated.  In  January,  1877,  40,000 
acres  of  land  above  Lincoln  and  between 
Lincoln  and  Boston  were  flooded  by  the 
River  Witham.  Two  months  later  I  saw 
the  water  still  standing  on  parts  of  the 
fens,  and  the  people  only  then  returning 
to  their  homes  from  which  they  had  been 
driven  at  a  moment's  notice.  In  some 
parts  the  water  had  been  from  5  feet  to 
6  feet  deep.  By  the  same  flood  nearly 
100  acres  of  the  city  of  Lincoln  were 
flooded  to  a  depth  in  places  of  3  feet. 
Twice  in  the  previous  year  the  River 
Trent  flooded  the  town  of  Burton,  ren- 
dering many  of  the  principal  streets 
impassable  owing  to  the  strong  current 
running  3  feet  deep  through  them.  The 
banks  of  the  Thames  from  near  its 
source  as  far  as  London,  and  including 
parts  of  London  itself,  are  liable  to  be 
flooded.  These  cases  have  come  under 
my  own  notice,  but  each  river  valley 
could  supply  similar  or  even  more  strik- 
ing ones.  Yet  I  venture  to  think  that 
engineers  are  not  to  blame  for  this  state 
of  things.  If  they  cannot  cope  with  the 
rivers  of  this  country  what  hope  is  there 
that  the  great  rivers  of  India  or  of  other 
parts  of  the  world  will  be  controlled. 
The  Mississippi  .  drains  an  area  of 
1,147,000  square  miles,  which  is  more 
than  180  times  as  large  as  the  area 
drained  by  the  Thames,  and  discharges 
on  an  average  800,000  cubic  feet  per 
second  during  the  flood  period  which 
lasts  six  months.  A  maximum  flood  dis- 
charge of  the  Thames  might  reach  a 
fortieth  part  of  the  above  amount  for  a 


few  hours  in  the  course  of  twenty  years. 
Yet  American  enterprise  has  not  shrunk 
from  attempting  to  control  the  waters  of 
the  Mississippi ;  embankments  were 
made  at  New  Orleans  150  years  ago,  but 
the  Americans  are  now  wisely  beginning 
to  deal  with  the  mouth  of  the  river,  a 
course  which  has  been  too  often  neglect- 
ed in  this  country.  By  making  jetties, 
one  of  which  is  now  more  than  two  miles 
long,  formed  of  piles  and  matrasses  of 
fascine  work,  they  are  constraining  the 
waters  of  one  of  the  main  outlets  of  the 
river  to  flow  in  a  deep  straight  course  to 
the  sea.  Already  the  depth  of  water  on 
the  bar  has  been  increased  from  8  feet  to 
19  feet, 

I  will  not  further  describe  this  great 
work,  though  I  am  much  tempted  to  do 
so.  Its  progress  should  be  watched  by 
all  those  interested  in  river  engineering. 
Although  much  still  remains  to  be  done 
before  even  the  great  rivers  of  Europe 
will  be  brought  under  control,  much 
progress  has  been  made  where  local 
interests  have  been  made  subservient  to 
those  of  the  community  in  general.  The 
fault  in  this  country  most  frequently  lies 
in  the  existence  of  numerous  authorities 
each  with  limited  jurisdiction  over  the 
same  river.  Rivers  can  rarely  be  dealt 
with  to  any  good  purpose  piecemeal,  but 
should  more  often  be  dealt  with  as  a 
whole  from  their  source  to  the  sea. 
And,  moreover,  whatever  is  done  to 
them  should  be  done  with  a  view  to 
making  them  as  efficient  as  possible  for 
the  three  purposes  which  they  should 
serve,  viz.,  for  drainage,  for  navigation, 
and  for  water  supply.  The  first  of  these 
three  is  the  most  important,  for  on  it  the 
existence  of  a  river  depends.  It  need 
not  necessarily  serve  the  purpose  of  nav- 
igation; water  may  be  obtained  for  the 
population  within  its  basin  from  other 
sources,  such  as  wells,  or  from  districts 
without  its  basin,  but  a  river  cannot 
escape,  being  the  natural  and  proper 
outlet  for  the  land  drainage  of  its  basin. 
I  shall  attempt  to  discuss  these  three 
functions  of  a  river  separately,  though  I 
believe  they  cannot  fitly  be  separated, 
whether  we  regard  the  works  which  are 
proper  to  them  or  the  organization 
which  will  best  lead  to  their  being  well 
performed.  I  have  said  that  I  do  not 
think  engineers  are  to  blame  for  the  con- 
dition of  our  rivers.     This  is  certainly 
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not  the  case  in  respect  of  floods.  A 
flood  occurs  and  an  engineer  is  called  in 
by  a  local  board  or  committee  of  land- 
owners, and  is  asked  to  report  and  sug- 
gest a  remedy  for  the  evil.  He  has 
generally  to  consider  but  a  small  portion 
of  the  river,  and  that  only  in  so  far  as  it 
affects  the  interests  of  his  employers, 
who  have  possibly  no  jurisdiction  or  at 
most  only  a  partial  jurisdiction  over  it. 
Proper  surveys  are  not  to  be  had,  nor 
observations  on  the  flow  of  water  in  the 
river,  and  they  often  have  to  be  dis- 
pensed with  in  a  great  measure. owing  to 
the  time  it  would  take  to  make  them  and 
the  cost.  He  is  limited  as  to  expendi- 
ture, yet  a  partial  scheme  of  improve- 
meut  must  generally  be  costly.  It  can 
hardly  fail  to  benefit  some  people  higher 
up  the  river  who  are  not  called  on  to 
pay.  Very  often  it  will  injure  others 
lower  down.  While  the  report  is  being 
prepared,  the  ardor  to  remedy  the  evil 
cools.  Some  are  not  much  injured  by 
the  flood,  some  not  at  all.  The  prospect 
of  having  to  pay  at  once  seems  more  dis- 
tasteful than  to  risk  the  chance  of  having 
to  suffer  the  same  loss  and  discomfort  at 
some  uncertain  future  time.  So  the  re- 
port is  received  and  is  discussed.  The 
cost  of  the  proposed  works  is  too  great, 
and  there  the  matter  ends  till  another 
bad  flood  comes  and  the  whole  process  is 
gone  through  again. 

Engineers  have  made  more  reports  on 
drainage  than  on  almost  any  other  sub- 
ject. These  reports  lead  to  much  un- 
profitable expenditure  when  special  ob- 
servations and  special  surveys  have  to  be 
made  for  them.  Such  work  can  easily  be 
so  thoroughly  done  as  to  be  available  a 
second  time.  For  a  succeeding  report  it 
often  has  to  be  done  over  again. 

The  Ordnance  survey  maps  on  the 
6-inch  scale  supply  much  of  the  informa- 
tion that  is  wanted,  but  for  many  dis- 
tricts no  maps  have  been  published  on 
the  6-inch  scale,  and  for  some  we  have 
nothing  but  the  1-inch  scale  maps  30  or 
40  years  old. 

Much  of  the  district  drained  by  the 
Witham  is  not  correctly  shown  on  any 
map.  The  Ordnance  survey  of  it  was 
made  in  1824,  and  the  appearance  of  the 
fen  land  has  totally  changed  since  then. 
"When  the  Thames  Valley  Drainage  Com- 
missioners were  appointed  in  1871,  by 
Act  of  Parliament,  to  deal  with  the  rivers 


and  flooded  parts  of  the  Upper  Thames 
Valley,  they  could  not  properly  perform 
the  duties  imposed  upon  them  without  a 
correct  map  of  the  district.  The  Ord- 
nance survey  of  the  district  was  made  in 
1828,  on  the  scale  of  one  inch  to  a  mile. 
The  commissioners  were  forced  to  have  a 
new  survey  made  which  took  some  years 
to  make.  The  work  was  done  by  the 
Ordnance  Survey  Department,  to  whom 
the  Commissioners  paid  several  thousand 
pounds  for  it,  so  that  in  this  case  a  spec- 
ial tax  was  laid  on  the  landowners  of  the 
district  under  the  commissioners  for  the 
benefit  of  the  Ordnance  Survey  Depart- 
ment. This  is  one  of  many  cases  in 
which  the  want  of  system  in  the  manage- 
ment of  our  rivers  has  led  to  a  limited 
district  having  to  bear  burdens  which 
should  rightly  have  been  borne  by  larger 
districts,  or,  in  this  case,  by  the  whole 
community. 

In  England,  alone,  the  extent  of  land 
which  directly  depends  for  its  drainage 
on  the  state  in  which  the  main  river 
channels  are  maintained  is  very  great. 
The  fens  of  the  Eastern  Counties  extend 
over  830,000  acres,  and  this  forms  but  a 
portion  of  the  land  throughout  the  coun- 
try, some  of  which  would  be  relieved 
from  disastrous  floods,  and  all  of  which 
would  be  better  drained  if  the  river  chan- 
nels were  dealt  with  on  some  systematic 
plan,  and  were  not,  as  at  present,  either 
entirely  neglected  or  dealt  with  piece- 
meal. 

Much  of  the  fen  land  has  no  natural 
drainage,  but  no  less  does  the  cost  of 
draining  it  by  mechanical  or  other  means 
depend  on  the  state  in  which  the  river 
channels  are  maintained.  To  drain  the 
fen  lands  in  the  first  instance  it  was  nec- 
essary that  considerable  areas  should  be 
dealt  with  at  once,  and  this  led  to  the 
formation  of  numberless  drainage  dis- 
tricts. Each  of  these  provides  for  its 
own  drainage  as  best  it  can  with  regard 
to  its  own  interests  only,  and  often  to 
the  detriment  of  adjoining  interests. 
Occasionally  several  of  them  may  unite 
for  some  special  purpose,  but  they  rarely 
co-operate  heartily.  They  have  not  al- 
ways control  over  the  main  channel  into 
which  they  drain,  so  that  they  are  liable 
to  be  flooded  from  causes  beyond  their 
own  control.  Before  the  advent  of  rail- 
ways river  channels  were  valuable  as 
means    of    inland    transport,    and  were 


49S 


VAN  nostrand's  engineering  magazine. 


maintained  for  that  purpose.  But  traffic 
on  rivers  lias  fallen  off,  and  the  old  con- 
servancy boards  have  not  funds  to  main- 
tain  the  channels,  though  they  still  have 
jurisdiction  over  them,  and  drainage  suf- 
fers in  consequence. 

The  River  Witham  may  be  taken  as  a 
good  example  to  illustrate  the  variety  of 
jurisdictions  to  which  some  of  our  rivers 
are  subject.  The  Witham  is  between  60 
miles  and  70  miles  long,  and  drains  an 
area  of  1079  square  miles.  It  flows  past 
the  towns  of  Grantham,  Lincoln,  and 
Boston,  entering  the  Wash  about  seven 
miles  below  Lincoln.  For  the  last  40 
miles  below  Lincoln  it  is  embanked  on 
both  sides  to  prevent  its  flooding  the  low 
land  adjoining.  Parts  of  its  tributaries, 
both  above  and  below  Lincoln,  are  like- 
wise embanked  for  the  same  purpose. 
For  some  miles  below  Grantham  the  Wit- 
ham is  under  the  Grantham  Sewers 
Board,  from  thence  to  Lincoln  it  is  under 
the  Lincoln  Sewers  Board.  These  boards 
have  rating,  powers  over  the  lands  ad- 
joining the  river;  the  Lincoln  authority 
rates  all  lands  below  flood  level  and  less 
than  2  feet  above  that  level.  The  part  of 
the  basin  of  the  Witham  which  lies  to 
the  north-west  of  Lincoln  is  drained  by 
a  tributary  the  Till,  which  does  not, 
however,  discharge  directly  into  the  Wit- 
ham but  into  the  Fossdyke,  a  navigation 
connecting  the  Witham  at  Lincoln  with 
the  Trent  at  Torksey.  The  Till  is  under 
the  Lincoln  Sewers  Board,  but  the  Foss- 
dyke is  under  the  Great  Northern  Rail- 
way Company.  The  lands  adjoining  the 
Fossdyke,  which  are  below  the  level  of 
its  waters,  are  divided  into  two  districts, 
the  north  and  south-west  districts,  under 
separate  Boards.  The  only  outlet  for 
the  drainage  of  these  districts,  7,000 
acres  in  extent,  is  through  a  small  cul- 
vert under  the  Witham  at  Lincoln,  which 
is  not  large  enough  in  time  of  floods. 
Besides  this,  these  districts  are  liable  to 
be  overflowed  by  the  waters  of  the  Till, 
the  Fossdyke,  and  the  Witham  by  the 
failure  of  banks  over  which  they  have  no 
control.  Between  Lincoln  and  Boston, 
the  Witham  is  a  navigation  subject  to 
the  Great  Northern  Railway,  and  neither 
the  Lincoln  Sewers  Board  nor  the  West 
District  Drainages  have  any  control  over 
it,  but  the  jurisdiction  of  the  Lincoln 
Sewers  Board  extends  over  the  Lanworth 
river,  the  principal  tributary  of  the  Wit- 


ham between  Lincoln  and  Boston,  and 
likewise  over  a  cut  called  the  Sincil 
Dyke,  which  passes  through  Lincoln  and 
connects  the  Witham  with  the  South 
Delph,  which  is  under  the  Great  North- 
ern Railway,  and  which  enters  the  Wit- 
ham about  seven  miles  below  Lincoln. 
The  Lincoln  Sewers  Board  are  jn'o-hib- 
ited  by  Act  of  Parliament  from  making  a 
proper  outlet  for  the  Witham  waters  into 
the  Sincil  Dyke,  and  as  their  only  other 
outlet,  the  navigable  channel  of  the  Wit- 
ham, is  not  under  their  jurisdiction  and 
is  insufficient  in  time  of  floods,  this  ar- 
rangement insures  a  large  tract  of  land 
above  Lincoln,  and  part  of  the  town  it- 
self being  flooded  at  times.  From  Lin- 
coln to  Boston  the  Witham  is  under  the 
Great  Northern  Railway  for  navigation 
purposes,  but  it  is  under  another  author- 
ity called  the  Witham  Commissioners  for 
drainage  purposes.  If  the  Witham  banks 
were  to  fail  at  any  point  as  they  have 
done  the  adjoining  lands  are  flooded. 
These  banks,  more  than  60  miles  in 
length,  are  maintained  partly  by  the 
Great  Northern  Railway,  partly  by  the 
Witham  Commissioners,  and  partly  by 
the  adjoining  landowners.  From  Boston 
to  the  sea  the  Witham  is  partly  under 
the  jurisdiction  of  the  Boston  Harbor 
Commissioners  and  partly  under  the 
Witham  Commissioners.  Below  Lincoln 
the  lands  adjoining  the  Witham  are  di- 
vided for  drainage  purposes  into  seven 
large  districts  which  are  again  divided 
into  many  smaller  ones,  each  of  which 
has  its  own  body  of  commissioners  and 
other  officers,  and  power  to  rate  for 
drainage  purposes.  Lastly,  there  are 
two  affluents  of  the  Witham  below  Lin- 
coln, which  have  been  made  into  naviga- 
tions under  separate  authorities,  the 
Horncastle  navigation  and  Heaford 
Canal. 

Thus  there  are  no  less  than  seventeen 
sets  of  Commissioners  or  other  authori- 
ties having  jurisdiction  over  the  Witham, 
and  for  drainage  purposes  over  the  lands 
adjoining  it  between  Grantham  and  the 
sea,  exclusive  of  the  commissioners  of 
the  smaller  drainage  districts.  If  we  in- 
cluded them  the  above  number  would  be 
doubled.  In  the  first  large  district  be- 
low Lincoln  there  are  eight  sets  of  com- 
missioners. The  ratepayers  and  others 
whom  they  represent  all  suffer  periodi- 
cally, some  to  a  disastrous  extent,  from 
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the  present  state  of  the  river.  Yet 
these  heterogeneous  bodies  never  have 
united  for  the  purpose  of  making-  the 
main  channels,  in  which  they  are  all 
interested,  contribute  to  their  common 
welfare,  instead  of  being,  as  now,  a  con- 
stant source  of  danger  and  loss. 

It  is  only  by  a  long  series  of  observa- 
tions made  at  different  points  along  a 
river  channel  that  we  can  ascertain  the 
maximum  quantities  of  water  which  the 
different  parts  of  the  channel  may  have 
to  convey.  The  quantity  varies  from 
day  to  day  and  from  year  to  year,  being, 
in  the  first  instance,  dependent  on  the 
rainfall.  The  rate  of  flow  is  liable  to  be 
altered  by  the  operations  of  man  in  till- 
ing the  land.  The  cutting  of  open  drains 
and  ditches  and  snbsoil  drainage  for 
agricultural  purposes,  as  well  as  the 
destruction/ of  waste  and  woodland,  all 
tend  to  alter  the  rate  at  which  the  water 
falling  on  the  land  is  conveyed  to  the 
sea.  The  observations  required  to  as- 
certain the  rate  of  flow  are  not  likely  to 
be  made  by  local  bodies  elected  for  drain- 
age purposes  with  partial  jurisdiction, 
local  interests,  and  limited  funds.  Until 
our  rivers  are  placed  under  bodies  who 
have  wider  interest  and  larger  funds,  and 
who  will  make  systematic  observations, 
we  shall  not  know  as  nearly  as  we  ought 
the  quantity  of  water  which  the  different 
parts  of  the  river  channels  should  be 
made  to  convey,  and  yet  this  is  among 
one  of  the  first  things  which  we  ought  to 
know.  I  only  know  of  one  extensive  set 
of  observations  on  the  flow  of  water  in 
the  River  Thames,  and  they  were  made 
for  the  purposes  of  water  supply,  and  at 
one  place  only. 

The  channel  of  a  river,  whether  it  be  a 
channel  excavated  beneath  the  natural 
surface  of  the  land,  or  a  channel  partly  so 
formed  and  partly  by  banks  rising  above 
the  surface  of  the  land,  should  be  large 
enough  to  convey  all  the  water  which 
systematic  observation  has  shown  it  may 
have  to  convey.  Some  riparian  owners 
are  of  opinion  that  floods  should  not  be 
prevented  or  only  partially  prevented, 
and  as  long  as  any  part  of  our  rivers  are 
under  the  control  of  those  who  hold  such 
opinions,  their  channels  will  not  be  made 
as  perfect  as  they  should  be  for  drainage 
purposes.  It  is  generally  held  that  grass 
lands  are  benefited  by  being  laid  under 
water   at  times,    but   there    must  be   a 


wrong  time  and  a  right  time  for  so  treat- 
ing them.  As  long  as  it  is  left  to  a 
chance  flood  to  flow  over  the  meadows, 
there  will  be  a  possibility  of  its  happen- 
ing at  a  wrong  time.  Given  the  water  it 
will  rarely  be  beyond  the  power  of  the 
engineer  to  distribute  it  by  gravitation 
when  it  is  wanted  over  any  of  the  lands 
which  are  now  ready  to  trust  to  floods 
for  their  supply. 

In  considering  the  works  necessary  for 
the  prevention  of  floods,  the  question 
arises  whether  the  extra  sectional  area 
required  in  a  river  channel  should  be 
obtained  wholly  by  increasing  the  sec- 
tion of  the  channel  below  the  surface  of 
the  land,  or  partly  by  that  means  and 
partly  by  embankments.  When  the  fall 
is  small,  the  latter  plan  must  often  be 
resorted  to,  and  also  when  the  flow  in 
flood  time  is  very  large,  as  compared 
with  the  ordinary  flow.  As  there  is 
often  some  saving  in  making  use  of 
embankments,  there  will  be  a  tendency 
to  adopt  them,  more  especially  among 
local  drainage  authorities  having  small 
means.  But  unless  they  are  well  main- 
tained, the  first  saving  is  soon  swept 
away  by  the  damage  done  by  floods  to 
which  their  neglect  gives  rise.  As  a 
rule,  the  larger  the  jurisdiction  of  the 
authorities  having  to  maintain  the  banks. 
the  better  are  they  maintained.  This  is 
noticeable  on  the  Witham,  where  the 
worst  banks  are  those  kept  up  by  small 
local  drainages. 

Although  it  is  safer  to  depend  on  a 
channel  excavated  below  the  siuface  of 
the  land  which  lowers  the  flood  line, 
embankments  might  be  economically 
used,  and  without  the  danger  which  so 
often  now  attends  them,  if  rivers  were 
under  wider  jurisdictions.  Formerly 
river  channels  throughout  a  great  part 
of  their  length  were  maintained  under 
navigation  authorities  by  the  tolls  derived 
from  the  traffic  on  them.  As  the  inland 
navigation  tolls  have  dwindled  away  since 
the  construction  of  railways,  so  the 
channels  inland  are  no  longer  main- 
tained. But  although  navigation  author- 
ities now  may  pay  little  attention  to  their 
inland  waterways,  large  sums  are  still 
spent  in  many  cases  in  maintaining  the 
lower  or  tidal  portions  of  rivers,  and 
while  they  do  this  only  with  a  view  of 
navigation  requirements,  they  at  the 
same  time  render  the  channels  efficient 


500 


VAN   NOSTRAND's   ENGINEERING    MAGAZINE. 


for  drainage  purposes.  It  is  fortunate 
indeed  for  those  interested  in  land 
drainage  that  this  is  so,  for  they  have 
often  no  jurisdiction  over  the  tidal  parts 
of  their  rivers. 

Some  districts,  however,  are  not  so  j 
fortunate.  On  the  River  Witham  not 
only  has  the  inland  navigation  fallen  off, 
but  Boston  has  ceased  to  be  one  of  the 
chief  ports  of  the  country.  The  river 
channel  through  and  below  Boston  is  \ 
now  often  choked  up  with  silt  and  mud, 
which  increases  the  difficulties  and  cost ! 
of  draining  the  lands  above.  There  is  ! 
sometimes  12  feet  of  silt  against  the  sea- 
side of  the  doors  of  the  Grand  Sluice  at 
Boston  at  the  end  of  summer,  so  that  the 
outlet  to  the  Witham  is  completely 
blocked  up.  When  the  autumn  rains 
come  suddenly,  a  flood  is  almost  sure  to 
occur  between  Lincoln  and  Boston, 
owing  to  this  state  of  things.  If  Boston 
were  a  thriving  port,  the  river  would 
never  be  allowed  to  remain  in  the  state 
in  which  it  is.  The  drainage  authorities 
have  only  a  partial  jurisdiction  over  this 
part  of  the  river,  and  the  funds  of  the 
harbor  authorities  are  so  limited  that 
between  the  two  little  is  done. 

At  the  mouth  of  a  river  the  require- 
ments of  drainage  and  navigation  are 
much  the  same.  For  drainage  purposes 
the  low  water  level  in  the  river  from  the 
sea  upwards  should  be*  kept  as  low  as 
possible.  Generally  this  end  will  be 
attained  by  straightening  the  river's 
course  or  by  enlarging  and  regulating 
the  channel.  But  this  will  at  the  same 
time  increase  the  rate  of  tidal  propaga- 
tion and  prolong  its  duration,  which  will 
benefit  navigation.  The  Eau  brink  cut 
on  the  lower  part  of  the  Ouse  was  made 
for  drainage  purposes.  It  lowered  the 
low-water  level  at  Denver  Sluice  7  feet, 
which  was  an  immense  gain  for  drainage, 
but  it  was  also  a  great  benefit  to  the 
navigation.  Many  cases  could  be  given 
where  the  low-water  level  has  been  low- 
ered far  up  a  river  as  on  the  Tay,  the 
Ribble,  the  Lune,  by  works  carried  out 
for  navigation  purposes,  and  I  think  it 
will  generally  be  found  that  the  works 
required  for  navigation  may  be  so  de- 
signed as  to  improve  a  river  at  the  same 
time  for  drainage  purposes. 

Moreover,  although  it  has  been  found 
unprofitable  to  maintain  many  rivers  in 
a   condition    suitable   for   navigation,   if 


rivers  were  once  again  made  to  fulfill  effi- 
ciently the  agricultural  requirements  of 
the  adjoining  lands,  they  could,  with 
very  little  additional  expenditure  in 
many  cases,  be  made  available  for  navi- 
gation, so  much  is  there  in  common 
between  the  works  required  for  the  two 
purposes.  The  difficulty  of  finding  a 
good  and  sufficient  supply  of  water  for 
centers  of  population  throughout  the 
country  is  constantly  increasing.  Water 
from  rivers,  except  when  obtained  from 
near  their  source,  can  rarely  be  used, 
owing  to  the  filthy  condition  to  which 
they  have  been  reduced  by  the  increase 
of  population  and  extension  of  manufac- 
tures uncontroled  by  legislation.  In 
some  districts,  as  I  found  to  be.  the  case 
in  the  Clyde  valley,  manufactories  have 
been  established  high  up  the  purest 
streams,  which  are  now  polluted  almost 
from  their  source. 

Much  improvement  cannot  be  looked 
for  as  long  as  it  is  left  to  voluntary 
action  to  effect  it.  There  is  little  en- 
couragement to  try  and  prevent  the 
pollution  of  water  which  flows  past  your 
door  if  you  are  powerless  to  prevent  its 
being  polluted  to  a  greater  extent  before 
it  comes  there. 

One  of  the  principal  difficulties  which 
stand  in  the  way  of  legislation  is  the 
absence  of  a  body  to  enforce  any  enact- 
ments for  the  prevention  of  pollution  of 
rivers.  If,  however,  a  body  of  Commis- 
sioners were  appointed  for  each  river 
basin,  this  duty  is  one  which  might  be 
imposed  on  them  in  connection  with 
their  other  duties. 

In  the  case  of  the  River  Thames  some 
stringent  measures  were  rendered  neces- 
sary, owing  to  the  difficulty  of  finding  a 
source  of  water  supply  other  than  the 
Thames  for  so  large  a  population  as  that 
of  London.  Advantage  was  taken  of  the 
existence  of  the  Thames  Conservancy,  a. 
navigation  authority  having  jurisdiction 
over  the  greater  part  of  the  Thames  but 
none  over  its  tributaries.  Their  juris- 
diction for  the  prevention  of  pollution 
was  at  first,  confined  to  the  part  of  the 
Thames  for  which  they  were  the  naviga- 
tion authority,  and  to  the  tributaries  of 
that  part  for  a  distance  of  three  miles  from 
I'the  river.  This  distance  was  afterwards 
extended  to  five  miles,  and  this  year  to 
ten  miles  from  the  river.  The  Thames 
I  Conservancy  at  once  prohibited  certain 
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towns  on  the  banks  of  the  Thames  from 
discharging  their  sewage  into  it.  and 
they  have  taken  other  steps  to  improve 
the  quality  of  the  water.  This  is  good 
so  far  as  it  goes ;  without  it  the  Thames 
would  soon  become  unfit  to  supply  Lon- 
don with  drinking  water.  But  there  is 
still  a  large  population  living  on  the 
banks  of  its  tributaries  of  the  Thames 
which  is  not  prohibited  from  discharging 
sewage  into  them,  but  is  permitted  to 
pollute  the  water  which  is  drunk  by 
three  millions  of  people  in  London. 

In  order  to  provide  the  Thames  Con- 
servancy with  funds  to  be  used  by  them 
in  carrying  out  the  new  duties  imposed 
upon  them  of  preventing  pollution,  Lon- 
don has  been  taxed  through  the  water- 
works companies,  who  yearly  pay  a  large 
sum  to  the  Conservancy,  so  that  London 
now  bears  the  whole  burden  of  enforc- 
ing the  partial  purification  of  the  Thames. 

The  purity  of  river  water  is  directly 
affected  by  its  depth.  Weeds,  which 
by  their  decay  pollute  the  water,  do  not 
greatly  nourish  in  depths  over  five  feet. 
Navigation  is  rarely  compatible  with  a 
depth  of  much  less  than  five  feet,  so  that 
any  works  which  may  be  necessary,  as  is 
generally  the  case  inland,  to  maintain 
that  depth  or  a  greater  one  for  naviga- 
tion purposes,  will  tend  to  benefit  the 
water  supply;  the  cleansing  of  channels 
from  mud  and  weeds  is  also  necessary 
for  land  drainage  purposes.  Each  water- 
course if  neglected  may  become  a  source 
of  pollution,  so  that  well-regulated  land 
drainage  works  tend  to  some  extent  to 
improve  the  quality  of  the  water. 

Quality  is  not  all  that  is  required  in 
the  water  of  our  rivers  regarded  as 
sources  of  water  supply.  Quantity  is 
also  necessary.  Weirs  for  providing  the 
depth  of  water  required  for  navigation 
tend  to  maintain  a  large  volume  of  water 
in  the  river  in  dry  seasons.  And  gener- 
ally it  will  be  found,  I  think,  that  the 
works  required  to  make  a  river  serve 
satisfactorily  the  purposes  of  land  drain- 
age and  navigation  will  tend  to  improve 
the  quality  of  the  water,  and  in  many 
cases  increase  its  available  quantity  by 
increasing  the  storage  capacity  of  the 
river. 

I  have  endeavored  so  far,  in  a  some- 
what fragmentary  manner  I  am  afraid,  to 
show  the  connection  there  is  between  the 
works  required  to  make  a  river  fulfill  the 


purposes  of  drainage,  navigation  and 
water  supply,  and  some  of  the  evils 
which  arise  when  such  works  are  carried 
out,  as  is  now  the  case,  by  numerous 
sejoarate  authorities  having  only  limited 
jurisdiction.  I  will  now  state  what 
appears  to  me  to  be  some  of  the  require- 
ments for  improving  the  existing  state 
of  things.  Generally  I  think  that  Parlia- 
ment should  make  it  compulsory  for 
each  river  basin  to  appoint  a  body  of 
commissioners  who  should  have  jurisdic- 
tion over  a  river  from  its  source  to  the 
sea,  and  over  all  its  tributaries  and 
sources  of  water  supply.  Their  powers 
should  be  exercised  for  the  purpose  of 
drainage,  navigation,  and  for  the  preser- 
vation of  the  water  and  maintenance  of 
its  purity  for  the  purposes  of  water  sup- 
ply. These  commissioners  could  divide 
the  drainage  area  into  districts,  so  that 
local  matters  might  be  referred  to  local 
commissioners,  but  it  is  essential  that  all 
works  should  be  carried  out  under  the 
general  supervision  of  the  central  au- 
thority. 

The  question  remains  as  to  how  the 
money  should  be  raised  to  carry  out  the 
works  to  be  done  by  the  commissioners 
for  each  river  basin.  When  large  or 
thickly  populated  districts  have  to  be 
dealt  with,  any  rate  or  tax  must  press 
more  on  some  than  on  others.  But  it 
ought  to  be  possible  to  find  some  means 
of  adjusting  the  cost  of  maintaining  river 
channels  in  an  efficient  state  that  would 
be  fairer  to  all  than  the  present  method. 

Every  acre  of  land  in  a  river  basin 
either  directly  contributes  its  supply  of 
water  to  the  river  channels  or  in  some 
way  affects  the  supply  from  adjoining 
acres.  As  we  cannot  ascertain  the  effect 
of  each  acre  on  the  supply  of  water,  it 
appears  to  me  it  woidd  be  most  just  to 
tax  each  acre  according  to  its  value,  that 
is,  to  levy  a  tax  on  all  the  land  within 
the  river  basin  in  proportion  to  its  an- 
nual value  for  whatever  purpose  it  is  used, 
and  whether  it  be  covered  by  buildings 
or  not. 

But  as  some  lands  are  now  subject  to 
floods  and  would  be  at  once  improved  in 
value  by  their  prevention,  such  lands 
should,  in  the  first  case,  be  taxed  at  a 
higher  rate,  but  that  when  the  works 
necessary  to  prevent  such  damage  by 
floods  were  once  done  and  paid  for.  the 
general  fund  for  the  maintenance  of  the 
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river  channels  should  be  raised  by  an 
equal  rate  levied  on  all  land  according  to 
its  annual  value. 

A  small  rate  levied  overall  the  acreage 
of  a  river  basin  would  produce  a  large 
sum.  Taking  the  area  of  the  Thames 
basin  at  6160  sqiiare  miles,  or  close  upon 
four  million  acres,  and  assuming  the 
average  annual  value  to  be  £2  per  acre, 
which  is  probably  too  low,  a  rate  of  one 
penny  in  the  pound  would  produce 
£33,000  a  year. 

When  a  river  was  once  made  efficient 
the  navigation  as  far  as  purely  naviga- 
tion works  are  concerned  would  probably 
more  than  maintain  itself,   as  the  river 


channels  would  have  to  be  maintained 
for  drainage  works  alone.  Any  surplus 
might  go  to  the  general  fund.  As  re- 
gards the  use  of  the  water  the  river 
channels  should  be  free  to  all  for  the 
purposes  of  recreation,  and  as  all  dis- 
tricts would  pay  to  maintain  the  quantity 
and  purity  of  the  water,  all  should  have 
a  right  to  use  the  water  subject  to  not 
prejudicing  others.  Lastly,  as  regards 
pollution,  no  claim  for  compensation  for 
desisting  from  it  should  be  admitted. 
The  principle  of  dealing  summarily  with 
offenders  has  already  been  adopted  on 
the  Thames  and  elsewhere.  Those  still 
offending  should  be  similarly  dealt  with. 


DRAINING  AND  IMPROVING  1,500,000  ACRES  OF  DESERT 

LAND. 

By  GEORGE  WILSON,  M.  Inst.  C.  E. 
From  Proceedings  of  the  Institution  of  Civil  Engineers. 


In  the  west  of  France,  close  to  the  im- 
portant town  of  Bordeaux,  there  existed, 
previously  to  the  year  1850,  an  immense 
territory  of  uninhabited  desert  lands, 
comprising  nearly  2,000,000  acres  super- 
ficial area,  and  designated  "  Les  Landes 
de  Gascogne."  The  territory  is  triangu- 
lar in  shape.  The  base,  commencing  at 
a  point  close  to  the  mouth  of  the  river 
La  Gironde,  extends  to  the  south  of  that 
river  along  the  shores  of  the  Bay  of 
Biscay  for  a  distance  of  about  140  miles ; 
while  one  of  the  sides,  passing  by  and 
about  5  miles  distant  from  Bordeaux,  is 
approximately  parallel  to  the  course  of 
the  river  La  Gironde  for  a  distance  of 
about  120  miles  from  its  mouth. 

The  desert  lands  of  this  territory  re- 
sembled a  vast  and  nearly  horizontal 
plain  at  an  average  altitude  of  about  330 
feet  above  the  level  of  the  sea.  The  sur- 
face of  the  ground  consists  of  poor  sandy 
soil,  without  any  trace  of  clay  or  calcare- 
ous matter  in  its  composition,  varying  in 
depth  from  12  to  20  inches.  "Under  the 
surface  soil  there  is  an  impermeable 
layer  of  silicious  sand,  agglomerated  by 
vegetable  matter,  varying  in  thickness 
from  16  to  20  inches,  forming  a  sort  of 
organic  cement,  which  is  known  in  the 
-ountry  under  the  name  of  "alios."    The 


substratum  under  this  layer  of  "  alios  'r 
consists  of  compact  white  sand  impreg- 
nated with  water.  There  does  not  exist 
on  the  surface  of  the  plain  any  spring, 
nor  is  there  any  trace  of  water  during  the 
summer.  During  the  winter,  however, 
previously  to  the  execution  of  the  drain- 
age works,  the  abundant  rain  of  that 
coast,  experienced  for  more  than  six 
months,  falling  on  the  plain,  could  neither 
flow  off  its  surface,  nor  percolate  suffi- 
ciently through  crevices  of  the  imperme- 
able layer  of  alios  into  the  substrata. 
The  water  remained  stagnant  until  it  was 
evaporated  by  the  heat  of  summer.  Thus 
the  constant  inundation  during  the  win- 
ter, and  the  dryness  of  the  hot  sandy 
soil  during  the  summer,  rendered  the 
ground  sterile  for  any  kind  of  cultivation, 
and  extremely  unhealthy  for  the  inhabi- 
tants and  for  animals  to  exist  or  work  on 
it. 

Previous  to  1850,  several  attempts  had 
been  made,  and  much  money  exjDended, 
in  endeavoring  to  inrprove  and  drain  por- 
tions of  this  desert,  all  of  which,  how- 
ever, resulted  in  failures,  and  caused  the 
impression  to  prevail,  that  the  soil  was  of 
little  value,  certainly  not  worthy  the  ex- 
penditure necessary  to  drain  and  improve 
it  for    the  purpose   of   cultivation.     In 
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1849  a  report  appeared  by  M.  Chambre- 
lent,  Ingenieur  en  Chef  ctes  Ponts  et 
Chaussees,  describing  the  results  of  com- 
plete studies,  surveys,  levels,  borings, 
&c,  of  the  desert,  which  he  was  officially 
commissioned  to  carry  out,  extending 
over  seven  years.  From  these  studies 
the  exact  physical  features  of  the  desert 
were  developed,  and  at  once  indicated 
the  mode  of  improving  and  rendering  it 
profitable  for  cultivation.  It  was  shown 
that,  upon  the  whole  extent  of  the  ap- 
parently horizontal  plain,  there  exists 
from  the  summit  towards  the  valleys  ex- 
tremely regular  slopes,  but  so  small  that 
the  least  irregularities  of  the  ground 
hinder  the  water  from  following  the  nor- 
mal declivities. 

The  average  inclination  of  the  ground 
is  about  1  in  1,000,  but  in  some  parts  it 
does  not  exceeed  1  in  2,000,  and  con- 
tinues always  in  the  same  directions 
towards  the  valleys  without  any  notice- 
able change  or  break.  The  small  ir- 
regularities on  the  surface,  which  hin- 
der the  flow  of  the  water,  are  never 
more  than  12  to  16  inches  above  or 
below  the  normal  slopes  of  the  plain. 
Therefore  a  drain  20  to  24  inches  deep, 
with  its  bottom  parallel  with  the  general 
slope  of  the  ground,  can  be  made  along 
its  entire  required  length  without  neces- 
sitating a  cutting  of  more  than  from  24 
to  28  inches,  in  order  to  allow  the  water 
from  rainfall  to  pass  perfectly  away. 
Moreover,  a  ditch  extending  along  such 
sandy  permeable  ground  will  drain  the 
surface  to  a  considerable  distance  on 
each  side  of  it,  and  as  its  average  inclin- 
ation will  be  about  1  in  1,000,  the  water 
will  percolate  slowly  and  regularly  to  it 
without  causing  injury  to  the  sides.  In 
consequence  of  the  permeability  of  the 
surface  soil  very  few  drains  are  required. 
It  had  been  noticed  that  there  existed 
in  a  few  isolated  places  of  the  desert 
clusters  of  fir  trees,  locally  termed  "  Pig- 
nades,"  which  flourished  remarkably  well ; 
also  that  the  ground  at  such  places  was 
slightly  higher  than  the  normal  inclina- 
tion of  the  plain,  and  was  therefore 
drained  naturally,  and  that  both  the  sur- 
face soil  and  the  subsoil  where  the  trees 
flourished  were  physically  and  chemically, 
as  shown  by  analyses,  similar  to  the 
ground  of  the  entire  plain.  It  was  thus 
evident  that  the  desert  only  required  to 
be  properly  drained  in  order  to  cultivate 


it  for  a  forest,  and  for  it  to  produce  trees 
similar  to  the  clusters  or  "Pignades 
actually  growing.  There  were,  however, 
at  the  time,  numerous  objections  against 
these  deductions  as  to  the  practicability 
of  the  drainage  and  improvement  scheme. 
It  was  contended  that  drains  cut  through 
such  sandy  ground  would  soon  be  silted 
up,  from  the  effects  of  the  wind  on  the 
sandy  plain,  and  be  trodden  in  by  cattle, 
or  destroyed  by  the  drainage  water  per- 
colating through  their  sides.  A  further 
objection  was  urged,  that  the  drains 
would  have  to  be  made  of  such  great 
lengths  that  the  water  could  not'  be 
caused  to  flow  along  them  to  the  distant 
valleys. 

To  meet  these  objections,  and  to  test 
the  practicability  of  the  scheme,  it  was 
decided  to  make  a  trial.  A  superficial 
area  was  selected  of  about  1,250  acres  of 
the  desert,  nearly  on  the  summit,  and  in 
the  middle  of  one  of  the  most  sterile 
parts,  being  in  every  sense  under  the 
most  unfavorable  conditions  for  draining 
the  soil.  At  the  time  of  commencing 
operations  the  ground  was  covered  with 
stagnant  water,  so  that  it  was  necessary 
to  move  about  on  the  stilts  used  in  the 
country.  The  effects  of  the  drains  was 
immediately  satisfactory.  The  ground 
was  so  well  drained  that  during  the 
heaviest  winter  rain  no  stagnant  water 
existed  on  it,  and  the  water  flowed  away 
abundantly  and  with  great  regularity. 
All  the  rain  water  percolated  immediate- 
ly through  the  soil  into  the  drains,  and 
none  was  noticed  to  flow  along  the 
surface.  At  present,  although  it  is  more 
than  twenty-seven  years  since  these 
drains  were  executed,  yet  such  is  the 
slowness  and  regularity  with  which  the 
water  percolates  into  and  along  them, 
that  they  have  not  silted  up  nor  have 
their  sides  been  injured. 

Shortly  after  this  trial  ground  was 
drained,  it  was  sown  with  fir  seeds  and 
acorns,  and  the  results  were  so  satisfact- 
ory that  in  the  following  year  numerous 
proprietors  of  portions  of  the  desert 
carried  out  similar  works,  and  obtained 
an  equal  success;  and  in  less  than  five 
years  an  area  of  more  than  50,000  acres 
was  drained  and  cultivated  for  forests. 
As  regards  the  first  sowing  on  the  trial 
ground,  in  five  years  fir  and  oak  trees 
had  grown  over  the  whole  area  to  a 
height  of  nearly  12  feet,  and  each  tree 
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was  about  12  inches  in  circumference 
above  the  ground. 

After  proving  the  practicability  of 
draining  the  territory,  the  important 
question  arose  as  to  the  possibility  of 
obtaining  wholesome  drinking-water  for 
the  inhabitants.  There  are  no  springs 
of  water,  and  the  j:)otable  water  hitherto 
obtained  was  derived  from  wells  dug 
through  the  "alios"  to  a  depth  of  about 
4  feet  below  the  surface  of  the  ground. 
The  bad  quality  of  the  water  caused 
even  worse  fevers  and  other  diseases 
than  the  unhealthiness  arising  from  the 
marshy  nature  of  the  soil.  Borings  were 
made  to  various  depths  below  the  surface 
through  the  "  alios  "  into  the  substratum 
of  compact  white  sand,  and  on  analyzing 
the  water,  it  was  shown  that  the  water 
increased  in  purity  with  the  depth.  At 
a  depth  of  about  thirteen  feet  from  the 
surface  the  water  was  practically  fit  for 
drinking  purposes  provided  it  was  caused 
to  filter  at  the  bottom  of  the  well,  by 
ascending  through  an  artificial  bed  of 
broken  calcareous  small  stones  and  clay 
gravel.  Wells  have  therefore  been  sunk, 
wherever  required  over  the  territory,  to 
a  depth  of  about  thirteen  feet,  and  the 
sides  built  with  masonry  laid  in  cement 
so  as  to  be  perfectly  and  permanently 
watertight.  The  water  can  thus  only 
ascend  the  bottom  of  each  well  after 
filtering  through  an  artificial  layer  of 
broken  stones  (generally  the  debris  from 
dressing  the  stones  for  lining  the  well) 
and  clay  gravel.  The  organic  matter 
found  in  the  water  of  the  old  wells  was 
as  much  as  j-q^tz  Par^  by  weight,  or 
about  2.4  grains  per  gallon,  while  the 
water  drawn  from  the  new  wells  only 
contained  organic  matter  equal  to  g  0  ^  Q  0 
the  weight  of  the  water,  or  0.14  grain 
per  gallon. 

Extensive  portions  of  the  deserts  be- 
longed to  one  hundred  and  sixty-two 
communes,  and  were  so  intermingled 
with  the  property  of  private  owners  as  to 
be  a  liinderance  to  the  latter  carrying  out 
their  drainage  works  effectually  until 
such  portions  were  drained.  To  facili- 
tate and  ensure  the  communal  posses- 
sions being  drained,  and  to  construct  the 
necessary  roads  of  communication  over 
such  a  large  territory,  the  Government, 
"in  1857,  made  the  following  special  laws: 
■'The  waste  lands  of  the  communes  of 
the  two   departments,  La  Gironde  and 


Les  Landes,  shall  be  drained  and  im- 
proved at  the  expense  of  the  communes. 
In  case  of  inability,  or  refusal  on  the 
part  of  the  communes,  to  carry  out  these 
works,  the  same  shall  be  done  at  the  ex- 
pense of  the  State,  to  be  repaid  the  ad- 
vance made  in  principal  and  interest  out 
of  the  produce  and  cultivation."  The 
law  also  provided  for  the  construction  of 
the  roads  of  communication  by  the  State. 

So  soon  as  the  above  law  was  promul- 
gated, a  general  plan  was  prepared  for 
draining  the  waste  lands  belonging  to 
the  communes,  comprising  about  720,000 
acres,  irrespective  of  about  864,000  acres 
belonging  to  private  individuals,  which 
remained  to  be  drained.  The  plan  com- 
prised the  execution  of  the  principal 
canals  necessary  for  receiving  and  carry- 
ing away  the  water  flowing  from  the 
land  drains.  The  fixing  of  these  canals 
over  ground  almost  flat  presented  many 
difficulties.  The  whole  country  had  to 
be  again  carefully  leveled,  which  showed 
that  the  inclination  of  some  portions  of 
the  plain  was  not  more  than  one  in  2,000. 
The  inclinations  of  the  canals  had  to  be 
calculated  in  such  a  manner  so  as  to  be 
sufficient  for  the  proper  drainage  of  the 
water  resulting  from  a  varying  rainfall, 
and  yet  not  such  as  would  cause  a  cur- 
rent injurious  to  the  canals  constructed 
through  ground  of  such  a  sandy  nature. 
The  main  canals  in  the  department  of  La 
Gironde  were  13  feet  to  16.4  feet  wide 
at  the  bottom,  and  their  total  lengths 
amounted  to  1,365  miles.  The  canal  be- 
tween the  pools  or  lakes  Lacanau  and 
Langourarde,  bordering  the  sand  dunes 
on  the  coast  (which  had  to  be  constructed 
for  a  distance  of  §  mile  through  a  marsh 
always  covered  with  water),  is  39.4  feet 
wide  at  the  bottom,  6.3  miles  in  length, 
and  has  an  inclination  of  1  in  4,000: 
while  the  canal  made  between  the  pools 
or  lakes  d'Hourtins  and  Lacanau,  through 
the  middle  of  a  marsh  for  a  distance  of 
5.2  miles,  is  23  feet  wide  at  the  bottom. 
The  two  last-mentioned  canals  receive 
the  drainage  water  of  200,000  acres 
superficial  area. 

In  1865  the  drainage  works  of  the 
communal  lands  were  completed  at  a  cost 
of  about  Is.  lOd.  per  acre  drained.  Out 
of  the  total  area  of  communal  lands 
comprising  720,000  acres,  466,000  acres 
have  been  sold  from  time  to  time  to  meet 
expenses,  so  that  the  funds  of  the  State 
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were  not  drawn  upon.  Some  portions, 
previous  to  being  drained,  were  disposed 
of  for  a  sum  of  for  a  sum  of  £537,278, 
which  sum  was  applied  for  the  following 
purposes : 

£ 

Draining 35,739 

Sowing  land  with  seed 27,272 

Construction  of  new  and  restoration  of 

old  churches 95,660 

Construction  of  new  and  restoration  of 

old  parsonages 27,082 

Construction  of  new  and  restoration  of 

old  town-halls  and  school-houses 65,455 

Subscriptions,    subventions  and    allow- 
ances for  the  construction  of  roads. . .  79,489 
Various  expenses — construction  of  wells, 
removing    cemeteries    from    market 

towns  and  villages 32,471 

Communal  funds  invested  in  rentes  of 
the  State 174,110 

Total 537,278 

With  the  exception  of  lands  situated 
in  various  parts  of  the  plain,  amounting 
to  about  70,876  acres,  respecting  which 
there  are,  amongst  other  causes,  disputes 
as  to  the  boundaries,  the  whole  of  this 
formerly  desert  territory  is  now  under 
forest  cultivation,  consisting  mainly  of 
fir  trees.  Oak  trees,  although  growing 
equally  well,  and  more  profitable  in  the 
course  of  time,  are  nevertheless  more 
expensive  to  cultivate  during  the  first  few 
years,  and  consequently  the  ground  has 
only  been  to  a  limited  extent  used  for 
their  cultivation.  Everywhere  and  in 
every  respect  the  results  of  forest  culti- 
vation are  highly  satisfactory,  showing 
the  most  vigorous  vegetation  and  growth, 
and  developing  equally  well  each  success- 
ive year.  The  only  cause  for  anxiety 
arises  from  accidents  and  losses  by  fire. 
Prom  1865  to  1870  serious  losses  oc- 
curred from  that  cause,  destroying  25,000 
acres  of  forest.  Since  1870  such  fires 
have  somewhat  diminished,  and  the  Gov- 
ernment is  adopting  special  measures  to 
prevent  these  disasters.  It  might  be  con- 
sidered that  the  production  from  forests, 
comprising  an  area  of  1,500,000  acres, 
would  so  much  diminish  the  price  of  tim- 
ber, that  profitable  markets  could  not  be 
found.  Time  and  experience  have,  how- 
ever, proved  that  no  fears  need  be  enter- 
tained on  this  question.  Each  year  the 
purposes  and  the  appliances  for  the  pro- 
duction of  such  forests  increase,  and  the 
selling  prices  augment  accordingly.  The 
timber  of  these  forests  is  not  only  sold 
Vol.  XX.— No.  5—35 


in  France,  but  is  exported  to  England 
and  Scotland,  and  even  to  America  and 
Spain.  In  England  large  quantities  are 
sold  for  props,  &c,  used  in  coalpits,  in 
pieces  each  about  6£  feet  long  and  3£ 
inches  in  diameter.  The  younger  trees 
and  branches  are  sold  for  the  fuel 
throughout  France.  Large  quantities 
are  used  for  making  wine  cases  and  bar- 
rels. A  mill  has  recently  been  success- 
fully set  to  work,  making  1,000  tons  of 
pulp  per  annum,  for  the  manufacture  of 
paper  direct  from  the  fir  tree,  which  in- 
dustry it  is  anticipated  will  rapidly 
increase,  inasmuch  as  the  pulp  produced 
is  of  brilliant  whiteness.  Another  indus- 
try is  being  developed  in  manufacturing, 
by  the  aid  of  recent  discoveries,  rectified 
essence  of  turpentine  from  fir  trees,  for 
the  purpose  of  illumination,  the  light 
produced  being  considered  superior  to, 
and  more  economical  than  that,  from  any 
of  the  oils  or  from  petroleum.  The 
above  are  some  of  the  objects  for  which 
the  production  of  the  forests  are  used  up 
to  the  first  twenty-five  years  of  their 
growth,  after  which  the  timber  is  suffi- 
ciently large  to  be  applied  to  more  ex- 
tended purposes,  such  as  general  carpen- 
ters' work,  sleepers  for  railways,  tele- 
graph posts,  &c.  For  the  latter  purpose 
large  quantities  are  already  being  used 
in  France,  and  exported  to  Algeria  and 
Spain.  In  1877  the  timber  on  a  plot  of 
ground  of  11  acres  superficial  area,  which 
was  in  its  twenty-eighth  year  of  growth, 
was  sold  for  £192,  equal  to  £17  9s.#  per 
acre ;  but  this  plot  of  timber  was  favor- 
ably situated  for  being  carried  away. 

At  an  average  age  of  thirty  years  the 
present  forests,  comprising  1.514.110 
acres,  are  estimated  to  produce  timber 
worth  at  a  minimum  price  £9  15s..  and 
in  seventy  years  £32  10s.  per  acre,  re- 
spectively equivalent  to  a  total  value  of 
about  14f  and  49^  millions  of  pounds 
sterling  for  the  produce  of  those  lands 
which  were  recently  a  desert.  This  val- 
uation is  based  on  the  probable  casual- 
ties by  fire,  and  would  consequently  be 
considerably  higher  if  the  dread  of  losses 
from  that  cause  did  not  exist. 

Independently  of  these  satisfactory  re- 
sults, the  drainage  of  the  desert,  and  the 
construction  of  d  eper  wells  for  the  sup- 
ply of  wholesome  drinking  water,  have 
changed  the  district  into  one  of  the  heal- 
thiest in  France  ;  whereas  previously,  the 
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inhabitants    suffered     constantly,     from 
fevers  and  other  fatal  diseases,  causing 
the  death-rate  to  be  exceedingly  high. 
The  maintenance  of  the  main  canals,  of 


of  the  communes  and  proprietors  of 
lands  bordering  the  canals  to  clean  them 
out  when  necessary,  or  to  remove  imped- 
iments in  them  from  whatever  cause,  ih- 


a  total  length  of  1,365  miles,  is  under  the  asmuch  as  it  is  of  importance  that  canals 
inspection  of  the  administrations  of  the  '  of  such  great  lengths,  small  inclinations, 
two  departments,  La  Gironde  and  Les  j  and  dug  in  sandy  soil,  should  always  be 
Landes,  who  give  orders  to  the  mayors  |  maintained  in  good  order. 
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The  next  case  of  vortex  motion  that 
we  shall  consider  is  that  in  which  the 
vortex  lines  are  circles  having  their  cen- 
ters in  the  axis  of  z.  The  direction  of 
the  axis  of  rotation  of  each  fluid  particle 
will  lie  in  a  plane  at  right  angles  to  z  and 
be  parallel  to  the  tangent  to  the  vortex 
line  at  that  point.  The  reader  will  do 
well  to  observe  the  motion  of  a  ring  of 
tobacco  smoke ;  he  will  see  that  the  ring 
seems  to  be  turning  inside  out,  each 
particle  moving  in  a  plane  passing 
through  the  axis  of  the  ring  and  revolv- 
ing in  a  circle  whose  axis  is  in  the  direc- 
tion of  the  tangent  to  the  ring.  He  will 
also  observe  that  there  is  no  motion 
around  the  axis  of  the  ring.  Now  if  we 
introduce  polar  co-ordinates  p  and  $  we 
have,  evidently, 

x=p  cos  3-    y=p  sin3 

and  for  the  rotations  we  may  obviously 
write 

<?=—  A.  sin  3,  7j=X  cos  S",  Z=o, 
when  A.  is  not   a   function   of   S-.     The 
equation  of  the  path   of  the  particle  is 
evidently  one  between  x,  y,  z  where  x  and 
y  are  connected  by  the  relation 


W 


P=Vx*  +  y2 
so  that  the  equation  of  the  path  can  be 
made  to  depend  only  upon  p  and  z.    Re- 
suming now  our  equations 

_dW  _  ^V     _  cW       dW 
~  dy         dz '  dz         dx ' 

dY      dV 


and  observing  that 


dx        dy 


_1_  rZdt_ 

~2~7t^     ~V 


these  give 

w  dY  dV 

^=°>U=—dJV=-dz- 


dY    dV 

3= —  -  -  - 

dx      dy 

If  now  we  assume  an  element  dr'  given 
by  the  co-ordinates  $',  p',  z'  and  for 
which  X  becomes  X';  also  denote  by  r  its 
distance  from  the  point  (p,  3,  z)  or  (cc  y  z). 
Now  our  equations  for  U  and  V  are 

1_     r^'dr'  __     1    p  V  sin  5'dr' 
2u  J      r  2nJ  r 

_1_  p/dr'  _         1    p  X'  cos  %'dr' 

When 

dr'  =  dx'  dy'  dz'=p'dp'  dz'  d$' 
and 

r=  ^/(z'-zy+  p2  +  p'2-2pp'  cos  (-&'-£) 
Now  make  for  convenience 

this  gives  $'  =  <p  +  $  and  d$'=dcp  there- 
fore we  have  again  for  U  and  V, 

XT=-  &/V*'./*/ 

A'jjsin  cp  cos  S  +  co&cp  sin  3r\dcp 
<\/ (z'-z)*  +  p*  +  p'3 —2pp'  cos  cp 

X'  [sin  cp  sin  3— cos  cp  cos  S~\dcp 
V '{z '-zy  +  p*  +  p'3-2pp'  cos  cp 
In  both  cases  we  have  the  integral 
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/. 


sin  cp  dcp 


Viz'— z)2  +  p2  +  p'2  —  2pp'cos  cp 
this  is  to  be  taken  between  o  and  2/T, 
these  being  the  limits  of  S-'— S-, 

sin  cp  d  cp 


f 


Viz'— z)2  +  p2  +  p'2  — 2pp'cos  <p 


2?r 

^log^z'— s)2  +  p2  +  p'2  —  2pp'cos<p] 

o 

_  1  Q'-g)2  +  p2  +  p'2-2pp'cos<?_ 

-  2  loS  (2'_42  +  p2  +  p'2-2pp'cos^_° 
and  our  expressions  are  thus  reduced  to 

u=-i/p'<?p'yw 

/A 'cos  (^sinS'c?^ 
7JW 


A/(^-2)2  +  p2  +  p'2-2pp'cos^ 
Y=±fp'dp'fdz' 

p  V  cos  (7?  cos  5"  <:?  cp 


Then  we  have 

cos  <p=  —  [1  —  2  sinV] 
cos  <pr?<£>= 2  [1— 2  sinV']'/^ 

and    for   the    limits   we   have    when    cp 

=  (o,27r),<p=y~  ,  -  JL).     Making   this 

transformation  we  have 


[1-2  sinVW 


-s)2  +  p2  +  p/2+2pp'-4ppsinV 


+ 


7T 


2 

or, 
$=-4 


'/- 


[1-2  sin2  W\dW 


V \z  —z)*  +  p2  +  p'2 —2  pp'cos  (£> 

Denoting  the  common  integral  by  $  we 
have 

TJ:=  -  ^-fp'dp'faz'  V  $  sin  3 

V  =  ^-fp'dp'fdz'  V  $  cos  3- 

$  will  clearly  be  of  the  form 
<P(z'-z,p,p'). 

TJ  and  V  now  differ  only  by  a  factor,  in 
fact  we  have 

V=-Utan3. 
So  if  we  write 

we  will  have  briefly 

U=-P  sin  3, 
V=     P  cos  S". 
The  value  of  the  function  $  is  not  diffi- 
cult to  obtain ;  we  have 
2n 
p  cos  cp  d  cp 

~ 0     Viz'— s)2  +  p2-|-p'2-2pp'cos<p 
We  will  find  the  integration  much  sim- 
plified by  the  introduction  of  a  new  vari- 
able W  defined  by  the  equation 

W='n—-(p 
2 


=  -4 


A/(2'-2)2  +  (p  +  p')2-4pp'  cos  cp 
0 


+ 


ifi 


2  sin2v''  ^ 


V(z>-z)z  +  (p'  +  p)2    /  _     4pp'sin2^ 

r         (,'-,)2+(p'-KP)2 
Make, 

4/V  _  7.2 


then 


then 


(s'-^)2+(p'  +  p): 


yV-z)2  +  (p'  +  P2)     2a/pp' 


</': 


2& 


d«« 


Vpp 


r w 


sin2c'' 


'2k      /*  2  sin-L'  du 
Vpp       Vl-A'-sin^' 


The  first  of  these  is  the  complete  elliptic 
integral   of  the  first  kind:   we   will,    as 
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usual,  denote  it  by  K.  Examine  now  the 
second  integral ;  we  have  on  multiplying 
it  numerator  and  denominator  by  Jc 

n 

2 
4        p  kz  Bin.2<pd,f> 


kVppft/   Vl-kzsw*W 


2 


l-(l-&asina0) 

^\/pp'^  A/l-A,2sin20 


?/ 


dip 


^i  J  , 


d<>> 


~~kVppo     Vl-k2  sin  2  4> 

2 
4 


jj^/l-kz  sin2  0<# 


The  second  of  these  is  the  elliptic  inte- 
gral of  the  second  kind  and  denoted  by 
E;  we  have  then  finally  for  0, 

2k 
<£=-  -7=.  K  + 


<7P 


Jp~iz Mff=o- 

But  we  have  for  the  energy  T  the  equa- 
tion 

T=/dT(V^+YV) 

Substituting  for  U,V,<*;  and  i]  their  values 
this  becomes, 

T  =/P  A  d  r=jy/VXp  dp  dzd$ 

integrating  with  respect  to  S"  from  o  to 
2?r,  and  writing  again  dpdz=d(T, 

T=27T/VpXd(T. 

Substituting  for  P  its  value  we  have 

H=f$pp'\\'d(Jd()' 

when  of  course  dff  and  da'  denote  the 
cross  sections  of  the  vortex  filaments 
under  consideration.  Let  S  denote  the 
component  of   velocity  in   which   p  in- 


creases : 


S=V: 


u'+V 


Vpp' 


4  4       _ 

z      E-  j    . E 

^Vpp'        KVpp' 


or 


0  = 


m-«> 


E 


2 

Vpp 
and  consequently 

t,=_i//Vf|(i-^-fEl 

sin  3-  dp'dz'-, 

v  =  A//Vf|(|-)K-|E| 

cos  3  dp'dz'. 
In  the  function  that  we  have  denoted  by 
$  we  see  that  the  derivatives  taken  for 
z  and  z'  have  the  same  absolute  values 
but  opposite  signs;  consequently 

J  J  W  —r  pp'dffdff'=o 

when  dff=dpdz.     But  we  have  also 

JP       1     /•_ .    ,(W  7  , 
-5~=o-  /  h'p'—dcr' 

therefore 


which  is  the  same  as 

w=S  cos  5        u  =  S  sin  S1. 


But 


u=— — =  —  —  cos  $ 
dz  dz 


v  = 

dV__ 

fii  t  ctz 

f?P    . 

—  sm 
dz 

$ 

therefore 

s=- 

dP 

dz' 

Now  for  w 

we-have 

c?V 

dV 

dx      dy 

and    substituting  ^for    U    and    V    their 
values. 
This  gives 

dP  ,  P 
dp  p 
_  d(Pp) 


zap 


dp 


and  we  may  also  write 

d(Pp)   ■        dp 
sp=—   v   '  L  since  -±-  =  o. 
dz  dz 

From     these     we  ^have    the     equation 
I p    -^  A  dff=ojR  the  form 


dz 


and  also 


/  psXdff=o 
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dp       ,         dz 
'   and  w>=  — 


dt 


dt 


therefore 


/ 


p-     Xdff=o 

'    dt 


and  since  for  each  vortex  filament  Xdff  is 
constant  this  gives 

fp2\d<7= const. 

Some  other  interesting  forms  may  be 
given  before  we  proceed  to  the  examina- 
tion of  a  special  case.     We  had 

k2  =  4p'P 

(z'-z)2  +  (p'  +  p)2 

Taking  logarithms  this  becomes 

2  log  k=log  pp'-log  [(z9-s)a  +  (p'  +  p)2] 

Differentiating  with  respect  to  p  and  z  we 

obtain 

2  dk_{z'-zy+P'*-p* 


hp dp    {z'-Z)*+{P'+py 

2    dk  __         zz{z' —z) 
~kZTz  ~(z'-z)2  +  (p'  +  p)2 


_z/2—z2+p/2—p2 
-(z'-z)2+{p'  +  p)2 


consequently, 

2  (  dk  ,  dk 
—  <  p —  +  z — 
k  [     dp        dz 

The  denominator  of  this  second  member 
does  not  change  by  the  interchange  of 
accented  and  unaccented  letters,  but  the 
numerator  does  change  its  sign,  also  k 
does  not  change  by  making  the  same 
transfer,  therefore 

dk    ,     dk 
p  —   +  z  — 

dp        dz 

assumes  the  opposite  value  by  writing 

the  accented  letters  in  the  place  of  the 

unaccented  and  vice  versa.     If  from  the 

value  of  $  in  terms  of  K  and  E  we  obtain 

d$ 

—  we  will  see  that  this  quantity  does  not 

(v/C 

alter  by  the  interchange  of  accented  and 
unaccented  letters,  consequently  the 
quantity 

d$l    dk         dk 


dk\    dp 


+  z 


dz) 


assumes  the  opposite  value  after  the  in- 
terchange. We  have  by  partial  differen- 
tiation of  $ 


d$_ 

dp  ~  dp 


d<P     d@  dk 
dkdp 
dp  dk      1$ 
dk'  dp       z  p 


d$ 

dz  '' 


d&  dk 

dk    dz 


Consequently  the  above  quantity  assumes 

the  form 

d$         d$      1  _ 
p  -j-  +z  —  +-<£ 
dp 


dz 


And  by  virtue  of  the  property  proved  for 
this  quantity  we  know  that 

/•  /■      d$         d$     1  _\ 

°=JJ(pj-P+*  -s+i*) 

pp'W  da  da' 
But  we  have 

therefore 

W    (IP         dP     1  „\   ,  T 

J\pTp+zdz+-zVFMff=° 

Since  now 


dP      d{Vp) 


and 


Pd~p  = 


dp 


dCPp)  dP 

wp=-!UJ,     s=-  — 
dp 


this  equation  becomes 

J  (wp—zs)p\dG J  ~Pp\d<j=o 

or  p  T 

/  {wp—zs)p\d(j= —  . 

J  4:7t 

We    will    now    introduce    the    comple 
mentary  modulus  k'  defined  by 

kf2+k2=l 
we  have  for  this  modulus 

*/•=!_*■  -(z'-zy+jp'-py 

(2'-z)2  +  (p'  +  p)2 
If  k  is  very  nearly  equal  to  unity,  that  is, 
if  k'  is  indefinitely  small  we  see  that  <& 
will  be  of  the  same  order  of  magnitude 
as  K,  and  again,  that  P  will  be  of  the 
same  order  as  <£.  We  will  examine  the 
order  of  Iv  on  the  supposition  that  k'  is 
infinitely  small.  Since  Id  is  indefinitely 
small,  we  have,  neglecting  higher  powers 
than  the  second, 


Now 


&=a/1-A''2=1-  -K"' 
z 


TC 


*=f 


a<i> 


a/1— k2sm20 
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=/ 


dp 


n 


■■/. 


a/1  —  sm2(p  +  k'2  sin20 


dip 


V  cos2  p  +  k'a  sin2  p 

or,  by  introducing  an  indefinitely  small 
quantity  s  which  is,  nevertheless,  indefi- 
nitely large  as  regards  Jc', 


7t 


K 


=  / 


d(p 


V 'cos2 p  +  k'2  sin2^' 


re 
2~E 


7t 

2~ 


dp 


Vcos2^  +  &2  sin  2<p 

"Write  now  in  the  first  integral  =  -  6  in 

in  place  of   If'":   since  throughout  the  in- 
tegral 6  is  small  the  integral  becomes 

/s         dd 
o    Vk'2+k20 

1        te  +  Vk'2  +  Jc2  a2 

=  Jcl0% W 

or  since  k'  is  infinitely  small  with  regard 

.       1  1       2ks  ,      2s. 

to  ks  this  is==  log  -jr-  or  =  log  _ 

In .  the  second  integral  k'  sin  <p  is 
throughout  small  as  regards  cos  <p  and 
this  integral  is 


rr 


/£r log  tan  \  t*"s*  f 

2 

or  what    is    the    same    thing = log    -. 
Hence  we  have 

2s  2  4 

K=  log  ^  +  log  -  =  log^-, 

Consequently  for  k'  indefinitely  small  we 
see  that  K  is  indefinitely  large,  and  G> 
and  therefore  P  are  indefinitely  large  of 
the  order  log  h' .  Of  course  0  does  not  de- 


pend on  E  as  for  k  nearly  equal  to  unity 
we  have, 

2n 


E=/'cos  p  #=1. 


Eepresenting  the  elliptic  integral  of  the 
first  kind  as  is  usual  by  F,  we  have 


»=/ 


<P 


dp 


and  also 


Vl— A;2sin2^ 

1 
2 


E=  f(l-k2sm2p)dp. 

0 

Differentiating  for  &,  and  writing 
a/1— &2sin  2f—A 

dF_  fk  sin2  pdtp 

dlc~J        A^~ 

c?E_        />k  sin2  ipdip 

Tk~~~J  ~A~ 

Now  writing  sin2 ^-tj- (l  —  ^2)  we  see 
that  these  two  integrals  depend  on 

the  two  first  of  these  are  F  and  E 
respectively;  as  regards  the  third,  we 
have 

d  sin  ^,cos  P_l  — zsurY  +  &2sinY 
dip         A  A3 

or 

f?       sin  tp  cos  tp_Ai—k'2_/1__  k_ 

k  cbp  ■    "    ~^~          ~^~  # 

and  thence  by  integration, 

fdip  _  1   E_K2sin^cos^ 

«/  ~A*~  k'2  k'2A 

d~&  ,    d¥     ,, 

The  expressions  for  -jt  ,    and   -^-,    tnus 

become, 

dF       1      {„  W1T1|      &  sin  ip  cos  ^ 


dk 


and    for    the  complete   functions   when 


7t 


IS-sprf**^ 
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"When  k'  is  indefinitely  small  the  first  of 

these  is  of  the  order  77=  and  the  second 
k  z 

by  k'.     Now  we  have  obviously  if  k'  be 
indefinitely  small  that-^y-  is  of  the  order 


We  had  also 


k{z'-z) 


dk_ 

d^-\z'-z)2+(P'  +  p)2 
dk_  k   (z'-z)2+p'2-o'' 


dP     2p{z'-z)2  +  (P'  +  p)2 

These  quantities  are  of  the  same  order 
as  k' .     Therefore 

d$    d$  elk  1  $ 
dp      dk    dp  z  p 
and  cW_d<!>  dk 

dz  ~  dk  dz 

are  of  the  same  order  as  ---,.     By  the  aid 

of  these  preliminary  investigations  we 
will  now  proceed  to  the  examination  of 
the  case  when  only  one  vortex  ring  exists 
in  the  fluid,  and  will  further  more  sup- 
pose this  ring  to  be  of  indefinitely  small 
cross  section  and  of  the  same  order  of 
magnitude  as  the  indefinitely  small 
quantity  e.  "We  may  again  write  as  be- 
fore 

m=/Xdff 
as  m  will  be  finite  and  as  da  is  of  the 

order  s,  A  must  be  of  the  order  -=-■       As- 

£ 
sume  the  equation  of  a  circle  such  that 
the  fluid  elements  of  which  it  is  composed 
shall  lie  indefinitely  near  the  vortex  fila- 
ment.    Let  its  equations  be 

P=Po  z  =  zo- 

We  had 

for  all  points  lying  at  a  finite  distance 
from  the  circle.  For  these  points  by  aid 
of  the  equations 


we  can  find  the  values  of  s  and  w.  But  a 
difficulty  exists  inasmuch  as  p0  and  zt  are 
functions  of  the  time  and  as  such  will 
have  to  be  determined,  and  to  that  end, 
it  is  necessary  to  consider  the  points  that 
lie  indefinitely  near  the  circle,  or  points 
in  the  vortex  filament. 

Suppose  that  the  two  circles  (p,  z),  (/>0,  z0) 
are  at  a  distance  apart,  that  is  of  the  same 
order  as  £.  If  we  call  r  the  distance 
between  them,  we  have 

r2  =P2  +  p*  -2pp0Cos  5  +  (z0  -  z) 2 

or  since  S"  is  indefinitely  small 

rz=--(p-p0y  +  (z-z0)2 
this  is  of  the  same  order  as  k'2  therefore 
k'  is  of  the  same  order  as  s — therefore 
by  our  preceding  investigations  we  see 
that  P  is  of  the  same  order  as  $  when  k 
is  of  the  same  order  as  e.  And  also  that 
P  is  of  the  order  log.  s.  We  had  for  the 
energy 

T=2^/PpAfZc 

therefore  T  is  of  the  same  order  as  log.  e. 
The  preceding  investigations  taken  in 
connection  with  the  equations 


<P= 


^ppA 


(!-*)* 


-E 


PS=  -  *£»    «,r-  *&') 


Sf>=  -  *Efi» 


top. 


iz  '         dp 

show  that  inside  the  vortex  ring  s  and  w 

are  of  the  same  order  as—  •    We  will  now 

examine  more  closely  p0  and  z0.    We  have 

zB/p2Xdff  =fzp~\d(j 

We  assume  that  A  is  constantly  of  the 
same  sign,  consequently  the  circle  (p8.  s0) 
lies  either  in  or  indefinitely  near  the 
vortex  filament. 

Now  we  found  that,  A  d  <x  not  varying 
with  the  time, 


dz 


dp 


/ 


,o2  A  (7(7= const. 


consequently  p0  does  not  vary  with  the 
time.  That  is,  if  only  one  vortex  fila- 
ment exists  in  the  fluid  its  radius  will  re- 
main unaltered,  during  the  motion. 
Now  to  examine  s0.  We  have  the 
equation 

Z*J  Pz^d<>=/  s,°2  Xdcf 


/ 


Xd(7  =  i)l 


from  these 
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m0p2z0=  I  zp2\dff 
Differentiating  with  respect  to  t 

dt  -J  p  dt 

But  we  had  also 


>.'£=./>I"*+V" 


Xdff 


4^T=  f(wp-sz)pMe 


dp 


imp. 


°-3   fzp  $  Ma 


<77 


consequently 

mp/*>=-LT  +  3   fzp^Ade 

1  °  dt      ±?t  J    '   dx 

T,  we  have  seen,  is  constant  and  infi- 
nitely great,  of  the  same  order  as  log  e; 
the  difference  between  the  values  of  z,  in 
the  second  member,  we  know  to  be  of 
the  same  order  as  e,  and  we  have  seen 

that  — ,-  is   of   the   order  of   —  ;    conse- 
dr  e 

qixently    the    second      member    of    the 

right  hand  side  of  the  equation  is  finite. 

dz 

Therefore,  it  follows  that      °  is  infinitely 

do 

great  of  the  order  of  log  s,  and,  neglect- 
ing the  finite  term  —  is  constant.     Since 

dz 

T    is   positive,     ~   must  have  the  same 
cto 

sign  as  m,  i.  e.,  as  A.  Thus,  if  only  one 
vortex  ring  exist  in  the  fluid,  it  will  re- 
tain its  radius  unaltered  during  the  mo- 
tion, and  will  advance  in  the  direction  of 

dz 
the  axis  of  z  with  the  velocity      °.     Now, 

as  this  vortex  motion  implies  motion  in 
all  the  particles  of  the  fluid  we  have,  that 
all  the  fluid  particles  at  a  finite  distance 
from  the  filament  flow  through  the  ring 
in  the  direction  of  z,  or  the  reverse,  ac- 
cording to  the  sign  A.  If  3-= o,  we  have 
A=:t/,  and,  according  to  the  con- 
vention for  positive  rotation  we  have, 
that  the  motion  in  the  direction  of  z  will 
be  positive,  if,  in  the  case  d=o,  t]  is  pos- 
itive. Therefore,  it  follows  that  the  ring 
is  moving  in  the  same  direction  as  the 
fluid  particles  are  flowing.  I  will  now 
give  the  concluding  remarks  of  Helm- 
hotz's  great  memoir  as  nearly  as  may  be. 
"We  can  now  readily  see  in  general  how 
two  vortex  rings  having  the  same  axis 


will  move  with  reference  to  each  other, 
by  observing  that  each  will  have  its  mo- 
tion modified,  due  by  the  motion  of  the 
particles  of  fluid,  due  to  the  rotation  of 
the  other.  Suppose  that  both  rings 
have  the  same  direction  of  rotation,  then 
they  will  both  move  forward  in  the  same 
direction,  and  the  former  will  widen  and 
move  more  slowly,  while  the  latter  will 
contract  and  move  forward  more  rapidly, 
finally  overtaking  and  passing  through 
the  former,  when  the  same  operation  will 
be  repeated,  the  rings  continually  chang- 
ing position  throughout  the  motion. 

Suppose  that  the  vortex  rings  have 
equal  radii,  the  result  is  not  changed  in 
the  case  of  the  same  direction  of  rota- 
tion existing  for  both.  But  now  let 
them  equal  radii,  and  equal  but  opposite 
angular  velocities ;  they  will  approach 
each  other,  and  both  will  expand — ap- 
proaching very  near  the  effect  of  one 
iqDon  the  other  is  greatly  increased — • 
and  they  expand  with  constantly  increas- 
ing velocity. 

Now  suppose  that  the  rings  having" 
equal  and  opposite  angular  velocities, 
are  symmetrical  to  each  other.  Then 
the  motion  in  the  direction  of  the 
axis  of  those  particles  that  lie  midway 
between  the  rings  is  o.  We  can  con- 
ceive this  surface  in  which  these  particles 
lie  as  a  fixed  boundary,  and  we  have  the 
case  of  vortex  rings  moving  in  contact 
with  a 'fixed  surface.  These  rings  can  be 
readily  formed  in  water ;  or,  rather,  half 
rings  can  be  formed,  if  we  draw  through 
the  water  rapidly,  and  for  a  short  dis- 
tance, a  half  immersed  hemispherical 
vessel.  Half  rings  will  be  formed  in  the 
water,  having  their  axes  in  the  fine  sur- 
face of  the  fluid,  which  will  move  exactly 
as  described  in  the  theory.  The  free  sur- 
face of  the  water  will  form  a  limiting 
plane,  passing  through  the  axes  of  the 
rings,  and  will  not  affect  the  motion. 
Rings  of  tobacco  smoke  have  a  rapid  mo- 
tion forwards  in  the  direction  of  and  due 
to  the  impulsive  force  which  produced 
them ;  at  the  same  time  the  ring  flows 
through  itself  in  the  direction  of  the  mo- 
tion of  translation. 

It  is  very  interesting  to  observe  the 
motions  of  smoke  rings,  and  for  this 
purpose  the  following  simple  apparatus, 
which  has  been  described  in  a  great  many 
places,  will  be  found  useful:  A  rough 
box,  about  ten  inches  long,  and  the  same 
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height  and  width,  is  large  enough;  one 
end  of  the  box  to  be  open,  and  over  this 
stitch  a  piece  of  cloth  or  rubber ;  make  a 
hole,  about  three  inches  in  diameter,  in 
the  opjDosite  end  of  the  box,  and  a  num- 
ber of  slides  having  smaller  holes  in 
them,  to  be  placed  over  the  larger  open- 
ing and  concentric  with  it.  Now  place 
inside  of  the  box  a  vessel  containing  salt, 
on  which  pour  strong  sulphuric  acid ; 
and  also  place  in  the  box  a  piece  of  cot- 
ton saturated  with  ammonia ;  fumes  of 
ammonium  chloride  will  immediately  fill 
the  box.  Now  tap  on  the  stretched  mem- 
brane; rings  will  issue  from  the  hole  in 
the  slide  at  the  opposite  end,  and  will 
move  forward  with  velocities  proportional 
to  the  force  of  the  blow  struck.  A  very 
light  tap  is  all  that  is  necessary,  and,  in- 
deed, is  all  that  can  be  given,  if  it  is  de- 
sired to  investigate  the  motion,  as,  other- 
wise, the  rings  move  forward  with  such 
velocity  that  they  can  scarcely  be  fol- 
lowed with  the  eye.  If  the  rings  are  al- 
lowed to  impinge  upon  a  surface,  the  ro- 
tational velocity  is  suddenly  increased 
very  much,  and  the  rings  thus  spread  out 
over  the  surface. 

The  same  effects  will  be  noticed  if  two 
rings  be  allowed  to  meet  each  other  in 
their  motion  through  the  air.     If  the  ori- 


fice be  elliptic,  the  rings  will  be  seen  to 
interchange  rapidly  their  axes,  vibrating 
about  a  mean  circular  position. 

If  bubbles  of  phosphuretted  hydrogen 
be  allowed  to  escape  into  the  air,  each 
bubble,  as  it  breaks,  forms  a  vortex  ring 
of  phosphoric  anhydride,  which  is  corn- 
loosed  of  a  number  of  small  rings. 

The  reader  is  advised  to  read,  on  the 
subject  of  vortex  motion,  Sir  "William 
Thomson's  paper  in  the  Edinburgh 
Transactions  for  1869 ;  also  an  article  by 
D.  Bobylew,  in  the  Mathematische  An- 
nalen,  Vol.  VI.,  in  which  he  shows  that 
the  equation  <uk—  const,  is  time  not  only 
for  frictionless  fluids,  but  also  for  those 
in  which  the  friction  has  to  be  taken  into 
account. 

The  following  articles  will  also  be 
found  to  contain  much  of  interest :  On 
the  Motion  of  Water  in  a  Rotating  Eectan- 
gular  Prism,  A.  G.  Greenhill,  Quarterly 
Journal  of  Mathematics  for  Nov.,  1877; 
on  Plane  Vortex  Motion,  by  the  same  au- 
thor, and  in  the  June  number  of  the 
same  journal  for  1877.  There  are  also 
several  interesting  articles  in  the  Messen- 
ger of  Mathematics  for  the  year  1878, 
notably  one  of  vortex  motion  in  elliptic 
cylinders;  and  on  the  motion  of  a  liquid 
in  a  rotating  quadrantal  cylinder. 
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Ix  the  destructive  course  of  the  cholera 
through  India,  it  was  remarked  by  some 
observers  that  the  pestilence  seemed  to 
come  from  below.  Not  only  were  the 
inmates  of  houses  at  the  foot  of  a  hill 
attacked  sooner  than  those  towards  the 
summit,  but  the  fowls  and  other  small 
animals,  naturally  abiding  on  the  surface 
of  the  ground,  sickened  and  died  some 
days  before  dangerous  symptoms  broke 
out  in  the  human  inhabitants.  If  this 
statement  be  thoroughly  reliable,  it  is  of 
no  little  value,  both  as  affording  a  warn- 
ing, and  as  indicating  in  what  direction 
the  sanitary  engineer  should  look  in  his 
precautions  against  the  danger  intimated. 
Exhalation,  in  one  word,  is,  at  all  events, 
one  sign  or  cause  of  danger,  in  local  and 
epidemic  diseases,  and  the  remedy  against 


mischievous  exhalation  is,  not  only  drain- 
age, but  proper  regulation  of  the  entire 
water  regime.  Baking  ground,  in  some 
cases,  has  proved  even  more  sickly  than 
swamps. 

It  is  not,  however,  from  the  lower 
levels,  either  jmysically  or  socially  re- 
garded, that  the  most  serious  warnings 
to  provide  against  future  mischief  now 
come.  The  remark  which  has  more  than 
once  been  made  in  our  columns  of  the 
mode  in  which  that  subtle  and  dangerous 
malady  which  now  takes  the  form  of  diph- 
theria, and  now  that  of  enteric  or  ty- 
phoid fever,  chooses  its  victims  among- 
the  very  flower  of  society,  has  received 
fresh  illustration.  In  the  past  few  weeks 
fatal  blows  have  been  struck  in  two  royal 
houses,  in  that  of  the  Prince  Eoval  of 
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Prussia  and  in  that  of  the  Due  de  Mont- 
pensier.     And  the  alarm  thus  caused  is  \ 
intensified  by  the  recollection  how  many  i 
of  those  who  could  so  ill  be  spared  have 
been  carried  off  within  the  last  few  years, 
from  the  palace  and  from  the  castle,  by  a 
disease  which  we  profess  to  believe  is  j 
jDreventible  by  the  engineer. 

It  is  to  be  hoped  that  the  true  lesson 
will  be  drawn  from  these  repeated  ap- 
jDearances  of  what  we  must  regard  as 
malarious  diseases  in  the  homes  of  lux- 
ury. It  would  not  be  unworthy  of  the 
Society  of  Arts  to  direct  a  special  investi- 
gation to  the  subject.  If  we  venture  on 
a  few  hints,  it  is  rather  as  indicating  the  ; 
line  of  inquiry  that  the  public  welfare 
seems  to  demand,  than  as  at  all  antici-  i 
pating  the  result  of  an  inquiry  of  which 
the  need  has  become  very  urgent. 

Predisposition  to  attacks  of  this  nature  ' 
may  prove  to  be  either  personal  or  local. 
It  is  not  clear,  but  it  may  be  suspected, 
that  there  is  some  element  at  work,  in  j 
the  present  state  of  civilization,   which 
renders   the   more   gently  nurtured,    or  I 
more  highly  cultured,  members  of  society 
specially  unfitted  to  resist  malarious  in- ' 
fluences.     Connected  with  this  must  be 
borne  in  mind  the  manner  in  which  the 
external  atmosphere  is  more  and  more 
kept  out  from  our  houses.     Doors  and 
windows  close  better,  draughts  are  more 
carefully  excluded,  than  of  old.     Appli- 
ances are  introduced  for  artificially  warm- 
ing   the    passages    and   vestibules,    the 
natural   function  of   which  places  is  to 
afford  a  graduated  transition  from  the 
warm  atmosphere  of  a  chamber  to  the 
external  temperature.     Clothing  is  much 
more  complex  than  was  formerly  the  case. 
In  the  time  of  our  grandfathers  a  man 
was  called  a  puppy  if  he  wore  an  over- 
coat.    "What  would  those  hardy  gentle- 
men have  said  to  the  "Ulsters"  of  the 
present  day1?  or  the  sealskin  jackets  and 
coats  ?    Human  habit  is  so  much  modified 
by  circumstances,  that  the  adoption  of  all 
these   safegards    against   an    occasional 
chill  may  have  a  direct  tendency  to  lower 
the  resisting  power  of  the  constitution. 
And   there    are   well   known   facts   that 
square  with  this  view.     Such  is  the  in- 
fluence on  the  constitution  of  the  pro- 
longed heat  of  tropical  or   sub -tropical 
countries.     Even  in  Italy,  where  the  ther- 
mometer rarely  rises  above  96°  Fahr.  in 
the  middle  of  the  summer,  this  effect  is 


more  perceptible.  Those  who  can  fly  to 
mountain  heights  or  cool  spots  invariably 
do  so  for  about  six  weeks  in  the  summer ; 
those  who  cannot  do  so  (we  now  speak  of 
foreigners  resident  in  Italy)  disregard 
the  first  hot  season,  and  laugh  to  see  the 
natives  slowly  slinking  from  shade  to 
shade,  and  never  moving  without  an  um- 
brella,— truly  so  called,  when  used  not 
against  rain,  but  against  sun.  The  second 
season,  however,  becomes  more  serious. 
The  third  still  more  so ;  and  a  succession 
of  summers,  even  as  far  north  as  Naples, 
is  a  very  severe  trial  to  an  Englishman  or 
a  German.  The  body  seems  to  dry  up, 
the  hair  to  become  like  hay,  and  old  age 
to  advance  with  untimely  speed.  No  one 
who  has  had  experience  of  the  matter  will 
deny  that  this  is  the  general  rule.  The 
inf  ereuce  is  not  unnatural  that  the  greater 
comfort,  as  we  regard  it,  at  all  events  the 
more  sustained  heat,  which  we  are  steadily 
giving  to  our  abodes,  is  really  tending  to 
lower  our  constitutional  power  of  resist- 
ance, not  only  to  the  great  tonic,  cold, 
but  to  those  influences  against  which  that 
tonic  has  the  prime  function  of  strength- 
ening the  frame. 

When  we  note,  further,  that  it  is  so 
often  in  the  palace  and  the  noble  mansion 
that  the  outburst  of  the  fatal  malady  oc- 
curs, this  view  of  the  case  is  yet  further 
supported.  The  first  point,  therefore, 
for  the  inquiry  of  the  scientific  physician 
is,  how  far  do  greater  habits  of  luxury, 
avoidance  of  cold,  late  hours,  gas,  car- 
riage exercise  in  lieu  of  walking  or  of 
riding,  and  luxury  of  food,  sap  and  un- 
dermine the  vigor  of  the  individual,  and 
thus,  in  an  increasing  ratio,  the  vigor  of 
the  race  ?  And  if  this  prove  to  be  the 
case,  is  there  no  Lycurgus  to  be  found 
to  raise  the  cry  of  "Health  before  ease 
and  luxury?" 

The  second  point  regards  the  sanitary 
condition  of  our  houses  themselves. 
This  is  a  different  thing  from  the  effect 
of  luxury  on  the  frame.  It  may  be  pos- 
sible, or  at  all  events  conceivable,  for  a 
great  house  to  be  so  built,  and  so  tended, 
that  a  given  temperature,  let  us  say  66° 
Fahrenheit,  may  be  constantly  maintain- 
ed through  vestibules,  corridors,  stair- 
cases, and  rooms ;  and  at  the  same  time 
that  the  ventilation  shall  be  such  as  to 
change  the  air.  with  sufficient  rapidity, 
and  to  prevent  the  entrance  of  any 
poisonous    gas.      But    in    our    variable 
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climate  the  cost  of  the  provisions  for 
this  purpose  would  be  great,  and  the 
necessity  for  constant  supervision  would 
demand  attendants  of  a  high  degree  of 
education  to  be  detailed  for  this  special 
service.  As  it  is,  warmth  is  too  fre- 
quently secured  at  the  cost  of  pure  air. 
The  products  of  the  combustion  of  gas, 
and  the  minute  quantities  of  gas  (where 
this  mode  of  lighting  is  allowed  in  sitting 
or  sleeping  room)  that  escape  unburnt, 
either  from  the  pipes,  the  fittings,  or  the 
burners,  are  constantly  vitiating  the 
atmosphere  of  the  house.  Our  own 
experience  is  that  plants  will  never  thrive 
in  a  room  in  which  gas  is  burnt.  If  such 
be  the  effect  on  the  vegetable  tissue,  what 
must  be  the  case  with  the  more  delicate 
tissue  of  the  lungs?  We  know  houses 
where  sore  throat  is  frequent,  almost 
constant,  during  the  winter,  and  from 
which  we  believe  that  it  might  .be  ban- 
ished by  cutting  off  the  gas,  and  having 
the  windows  regularly  opened  in  all 
weathers. 

Then  there  is  the  great  danger  attend- 
ant on  the  water-closet  system.  We  are 
not  about  to  propose  any  Utopian  reme- 
dy. We  do  not  deny  that  in  this  system 
we  have,  all  things  considered,  the  best 
yet  discovered  for  the  removal  of  the 
debris  of  organic  change  from  large 
cities.  But  it  will  not  do  to  shut  our 
eyes  to  the  fact  that  the  system  is 
attended  with  great  danger.  The  slight- 
est irregularity — stoppage,  leakage,  frost, 
want  of  water,  too  much  water,  incurs  the 
risk  of  turning  a  fatal  exhalation  of  sewer 
gas  into  the  house.  Sometimes  this 
arises  from  external  causes  alone,  quite 
beyond  the  control  of  the  residents.  An 
irruption  of  gas  may  occur  in  offensive 
quantities.  This,  horrid  as  it  is,  is  far 
less  dangerous  than  a  more  subtle  and 
gradual  escape.  Sometimes  it  is  the  very 
effort  to  ventilate  the  sewer  that  provides 
a  stream  of  fatal  gas  to  dribble  down  an 
unused  chimney,  or  to  lurk  under  the 
eaves  of  the  attic  stories.  Sometimes, 
and  that  more  especially  in  large  hotels, 
it  is  sheer  neglect.  We  know  one  in- 
stance in  one  of  these  buildings,  which  it 
would  not  be  proper  to  particularize,  of 
this  nature.  A  child,  heir  and  hope  of 
his  family,  was  staying  with  his  parents 
at  this  place  for  a  day  or  two.  The 
mother  discovered  the  neglected  state  of 
one  of  the  closets,  to  which  the  child  had 


been  taken,  and  the  family  left  the  house 
forthwith.  It  was  too  late ;  the  seeds  of 
the  malady  had  been  sown,  and  diphtheria 
very  soon  carried  off  the  only  hope  of  his 
parents.  We  speak  of  one  instance  with- 
in our  immediate  circle  of  acquaint- 
ances, and  within  a  very  few  months. 
How  many  deaths  are  due  to  the  like 
cause?  How  many,  for  that  matter,  to 
this  identical  source  of  mischief? 

In  referring  to  this  we  may,  it  is  true, 
be  reverting  to  advice  formerly  given  in 
our  own  pages.  The  story  of  sewer-gas 
poisoning  is  not  new.  But  it  is  none 
the  less  important  to  bring  the  subject 
bafore  our  readers  in  its  proper  connec- 
tion. We  are  attempting  to  account  for 
a  very  threatening  phenomenon.  It  is 
one  that  has  for  some  time  been  de- 
nounced, but  that  seems  to  be  increasing 
in  virulence,  from  year  to  year.  The 
evil  must  be  either  essential,  or  accident- 
al. It  must  spring  either  from  the  in- 
creased power  of  mischief,  or  from  the 
decreased  power  of  resistance.  In  our 
opinion  it  is  due  to  the  combined  influ- 
ences of  both  causes.  Habits  of  luxury, 
or,  if  we  may  even  not  go  so  far  as  that, 
habits  of  delicacy,  are,  we  fear,  impairing 
the  constitutions,  especially  of  the  richer 
classes.  The  provision  for  those  habits 
is  affecting  the  salubrity  of  our  dwell- 
ings. That  both  these  influences  are  to 
some  extent,  at  work,  we  think,  is  unde- 
niable. Is  it  not  high  time  that  the  mat- 
ter shotdd  be  looked  in  the  face? 

With  regard  to  the  question  of  house 
ventilation,  the  scheme  has  recently  been 
put  forward  of  a  large  and  lofty  chim- 
ney, connected  with  a  block  of  houses, 
which  by  its  draught  should  sweep  and 
purify  the  entire  block.  There  is  some- 
thing very  fascinating  in  this  idea,  espe- 
cially to  those  who  are  practically  aware 
of  how  well  chemical  works  can  be  kept 
pure  by  a  lofty  chimney.  It  may  be  well 
to  look,  for  a  few  minutes,  at  the  leading 
facts  that  would  determine  the  size  and 
number  of  such  chimneys.  We  lately 
gave  a  brief  account  of  the  highest  chim- 
ney in  the  world,  one  of  IGS  feet  high,  at 
the  Port  Dundas  works,  Glasgow.  The 
circular  area  of  the  tube  of  this  chimney. 
at  the  top,  is  under  88  square  feet.  This 
chimney  was  built  with  a  taper,  the  pro- 
priety of  which  is  questionable,  as.  in 
order  to  utilize  the  larger  part  of  the 
diameter  a  higher  velocity   is    requisite 
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through  the  narrower  part  of  the  chim- 
ney, while  the  disposition  of  the  air  will 
be  to  lose  velocity  as  it  cools.  But, 
taking  the  88  feet  of  area,  and  allowing  a 
velocity  of  33  feet  per  second  (which  is 
equal  to  22^-  miles  per  hour,  or  that  of  a 
stiff  gale)  to  be  attained,  118,800  cubic 
feet  of  air  would  pass  through  the  aper- 
ture per  minute.  As  a  check  on  that 
calculation  we  take  from  Mr.  D.  K. 
Clark's  valuable  "Manual  of  Rules, 
Tables,  and  Data  for  Mechanical  Engi- 
neers" (p.  927),  the  maximum  quantity 
of  air  discharged  per  minute  by  a  Guibal 
fan,  working  at  Staveley  Colliery,  of  30 
feet  diameter  and  10  feet  wide,  which  is 
110,005  cubic  feet  per  minute.  To  attain 
the  speed  of  33  feet  per  second,  a  press- 
ure of  15.5  lb.  per  square  foot  must  be 
maintained.  The  quantity  of  atmos- 
pheric ah*  required  for  the  consumption 
of  one  ton  of  coal,  of  average  quality,  is 
313,600  cubic  feet;  so  that  a  chimney  of 
the  area  indicated,  provided  such  a 
draught  could  be  maintained,  would 
effect  the  consumption  of  a  ton  of  coal 
in  a  little  under  three  minutes,  or  22 
tons  of  coal  per  hour.  Taking  eighteen 
hours  out  of  the  twenty-four'  for  the 
combustion,  we  obtain  close  upon  400 
tons  per  day,  or  146,000  tons  of  coal  per 
annum.  If  we  allow  a  ton  of  coal  per 
unit  of  the  population  per  annum,  this 
would  require  from  twenty-four  to  thirty 
such  chimneys  for  the  whole  of  London. 
But  when  we  come  to  look  at  the  ques- 
tion of  ventilation,  for  the  purpose  of 
respiration,  it  will  at  once  be  seen  how 
inefficient  this  powerful  draught  would 
be  to  discharge  the  functions  of  our 
present  wastefid  and  inconvenient  chim- 
neys. According  to  Mr.  Bailey  Denton, 
in  his  first  letter  on  sanitary  engineering' 
(p.  2),  23,000  cubic  feet  of  ordinary  air 
are  required  per  individual  per  twenty- 
four  hoiu'S  in  order  to  keep  the  vitiation 
of  the  air  below  1  per  1,000,  at  which 
point  impurity  becomes  perceptible  to 
the  nose.  Allowing  only  eighteen  hours 
to  be  spent  within  doors,  either  in  bed- 
rooms, houses,  or  offices,  we  shall  find 
that  the  824  million  cubic  feet  passing 
through  the  hypothetical  chimney  in  that 
time  would  only  provide  for  the  ventila- 
tion requisite  for  a  little  over  47.000 
human  beings.  Three  times  as  much 
ventilating  power,  therefore,  is  required 
for   keeping   the   chambers    of   a   house 


pure,  as  is  requisite  for  maintaining* 
combustion  of  coal  at  the  allowance  of 
one  ton  per  inhabitant  per  annum.  And 
no  provision  is  made  for  the  products  of 
combustion  of  gas  or  other  artificial 
lights. 

We  need  not  add  together  the  two 
quantities;  as  the  partially  vitiated  air 
would  to  a  great  extent  serve  for  com- 
bustion. But,  all  things  considered,  it 
would  seem  that  a  chimney  possessing 
as  high  a  power  of  draught  as  we  have 
named  would  be  requisite  for,  at  least, 
from  every  33,000  to  40,000  of  popula- 
tion, supposing  the  whole  of  the  venti- 
lating arrangements  to  be  brought  under 
proper  control  by  its  means.  As  to  the 
details  of  these  arrangements,  we  cannot 
at  present  find  space  for  discussion.  But 
it  may  be  mentioned  that  from  400  feet 
to  740  feet  per  minute  is  the  rate  of  ven- 
tilation which  is  effected  in  mines;  the 
upcast  pit  having  the  former  rate  of 
draught,  and  the  velocity  in  the  several 
channels  varying  inversely  as  their  areas. 
The  point  where  the  above  considerations 
practically  btar  on  our  present  subject  is 
this.  The  removal  of  air  from  a  house 
that  is  requisite  to  ensure  a  clue  ventila- 
tion for  sanitary  purposes  is  so  much 
more  considerable  than  the  removal 
which  is  due  to,  and  effected  by,  the 
combustion  of  the  amount  of  fuel  pro- 
portioned to  the  number  of  inhabitants 
in  the  dwelling,  that  special  attention 
should  be  directed  to  the  subject  in  all 
large  houses.  Chiefly  is  this  the  case  in 
those  houses,  whether  large  or  small,  in 
which  it  is  the  object  of  the  housekeeper 
to  maintain  a  high,  or  a  moderate  but 
invariable,  temperature,  through  all 
parts  of  the  house,  in  the  winter  season. 
This  can  only  be  done,  with  safety,  by 
warming  the  air  as  it  enters;  and  the 
question  is,  whether  either  this  or  any 
other  mode  of  keeping  up  the  tempera- 
ture of  the  vestibules  and  corridors  is 
not  a  direct  invitation  to  disease.  We 
suggest  that  it  is  so,  in  two  modes. 
First,  that  the  resisting  power  of  the 
frame  is  lowered  by  the  maintenance  of 
an  invariable  temperature.  While  per- 
sons remain  within  the  house,  the  aera- 
tion of  the  blood  and  the  animal  vigor 
will  be  abated;  and  on  going  out  the 
cold  will  be  more  keenly  felt,  and  very 
possibly  more  injuriously  felt,  than  if 
the  passages  had  been  cool.     The  other, 
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and  entirely  independent  question,  is 
that  of  the  risk  that  there  is  in  all  highly 
warmed  houses  of  slighting  the  proper 
ventilation.  The  carbonic  acid  exhaled 
from  the  lungs  is,  of  course,  so  much 
direct  poison,  unless  removed.  To  this 
have  to  be  added  all  other  sources  of 
impurity,  products  of  combustion,  gas 
resulting  from  the  course  of  the  organic 
functions,  emanations  from  the  pet  birds 
or  other  animals,  and,  most  dangerous  of 
all,  infiltration  of  sewer  gas.  A  whole- 
some thorough  draught  is  the  only  safe- 
guard against  this  domestic  malaria ;  and 
very  few  are  the  instances  in  which  this 
is  to  be  ensured  without  the  utmost  reg- 
ularity and  care  as  to  freely-opened 
windows.  Those  who  know  what  Bel- 
gian, German,  and  even  French  hotels 
are  in  this  respect,  will  be  likely  to  form 
the  opinion  that  palaces  and  noble  man- 
sions may  be  made,  and  very  frequently 
are  made,  far  less  safe  and  salubrious,  es- 
pecially for  the  young,  than  were  the  rude 
and  draughty  nooks  in  the  halls  and 
castles  of  our  ancestors,  or  than  our  very 
modest  cottages  in  the  present  day. 


incorrectly  represented  by  the  misplac- 
ing of  the  figure  9. 

A  SLIDE-ROD 
SCALE 

Submitted  by  CharU*  U.Swan,C.E. 
Proi  idence  II. I. 
%3?  READING  2"582 
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'he  German  Navy. — The  personnel  of  the 
German  Navy  is  to  be  increased  this  year 
by  29  officers  and  343  warrant  officers,  petty 
officers  and  men,  although,  according  to  the 
original  plan  for  the  establishment  of  the  fleet, 
the  increase  should  comprise  only  168  officers 
and  men  of  all  ranks.  The  engineer  department 
is  also  to  be  augmented  by  95  petty  officers  and 
men,  instead  of  but  73,  the  number  prescribed 
in  the  plan.     Altogether,  since  1875,  more  than 

1000  men  have  been  added  to  the  strength  of 
the  divisions  of  seamen,  so  that  the  German 
Navy  now  comprises  419  sea  officers,  24  engi- 
neers, 5459  warrant  officers,  petty  officers  and 
men  in  the  two  divisions  of   seamen,  besides 

1001  petty  officers  and  men  in  the  engineer  de- 
partment. Of  the  two  divisions  of  seamen,  one 
belongs  to  each  of  the  two  naval  stations,  the 
Baltic  and  North  Sea,  the  headquarters  of  the 
one  being  at  Kiel,  and  of  the  other  Wilhelins- 
hafen.  Each  division  is  commanded  by  a  post 
captain,  and  is  divided  into  five  detachments, 
one  of  which  is  composed  solely  of  seamen  gun- 
ners. Besides  these  divisions  of  seamen,  there 
is  also  a  "dockyard  division"  at  the  headquart- 
ers of  each  station,  Kiel  and  Wilhelmshafen. 


Re-poet  on  the  Metric  System  (Errata)- 
— A  couple  of  errors  in  the  engraving 
on  page  382  of  our  last  issue  are  cor- 
rected in  this  cut. 

The  reading  of  the  slide  rod  should 
have  been  2.532,  as  is  here  given. 

The  numbering  on  the  Paine  tape  was 
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REPORTS  OF  ENGINEERING  SOCIETIES. 

American  Society  of  Civil  Engineers. — 
The  Eleventh  Annual  Convention  of  the 
Society  will  be  held  at  Cleveland,  beginning- 
Tuesday,  June  17th,  1879. 

Sessions  for  the  consideration'of  professional 
subjects,  and  one  for  the  transaction  of  business 
will  be  held. 

The  details  of  the  programme  will  be  an- 
nounced as  soon  as  determined  by  the  local 
committee. 

The  following  is  a  list  of  topics  to  be  consid- 
ered with  reference  to  papers  published  in 
Transactions  during  the  preceding  year : 

American  Engineering  at  International  Exhi- 
bitions.— (LXXIV.  American  Engineering  as 
illustrated  at  the  Paris  Exposition  of  1878. 
George  S.  Morison,  Edward  P.  North  and  John 
Bogart. 

Bridges. — Discussion  of  Papor  CXL.  The 
Determination  of  Stresses  in  the  Eye-Bar  Head. 
De  Volson  Wood.  Vol.  VII  ,  page  189.  Dis- 
cussion of  Papers  CXLIV  and  CXLIX.  Rela 
tive  Quantities  of  Material  in  Bridges  of  differ- 
ent kinds,  of  various  heights.  William  H. 
Searles.     Vol.  VII.,  page  192. 

Cements. — Discussion  on  Cements.  Don  J. 
Whittemore.  Vol.  VII  ,  page  274.  Discussion 
on  Cements  and  Strength  of  Bricks.  F.  Col- 
lingwood.     Vol.  VII.,  page  280. 

Foundations. — CLXXII.  The  use  of  Com- 
pressed Air  in  Tubular  Foundations,  and  its 
application  at  South  Street  Bridge,  Philadel- 
phia, Pa.     D.  McN.  Stauffer. 

Hydra  ulics. — CLX.  On  the  cause  of  the  Maxi- 
mum Velocity  of  Water  flowing  in  Open  Chan- 
nels being  below  the  Surface.  James  B.  Fran- 
cis. CLXI.  The  Flow  of  Water  in  Pipes  un- 
der Pressure.  Charles  G.  Darrach.  Discussion 
on  the  Cause  of  the  Maximum  Velocity  of 
Water  flowing  in  Open  Channels  being  below 
the  Surface,  and  also  on  the  Flow  of  Water  in 
Pipes  under  Pressure.  Theo.  G.  Ellis,  C  E. 
Emeiy,  Clemens  Herschel,  De  Volson  Wood 
and  John  T.  Fanning.  Vol.  VII.,  page  122. 
CLX VII.  Distribution  of  Rain-fall  during  the 
great  storm  of  October  3d  and  4th,  1869.  James 
B.  Francis.  CLXVIII.  The  Gauging  of 
Streams.  Clemens  Herschel.  CLXXV.  The 
Flow  of  Water  in  Small  Channels,  after  Gan- 
guillet  and  Kutter,  with  Kutter's  Diagram 
modified,  and  Graphical  Tables  with  special 
reference  to  Sewer  Calculations.     R  Hering. 

Masonry. — CLXX.  Brick  Arches  for  Large 
Sewers.  R.  Hering.  Discussion  on  Brick  j 
Arches  for  Large  Sewers.  E  S.  Chesbrough,  | 
W.  Milnor  Roberts,  R.  Hering  and  F.  Colling-  [ 
wood.  Vol.  VII.,  page  258.  CLXXI.  Fall  of  ! 
Western  Arched  Approach  to  South  Street  i 
Bridge,  Philadelphia,  Pa.  D.  McN.  Stauffer.  j 
Discussion  on  Nomenclature  of  Building  Stones  ! 
and  Stone  Masonry.  J.  Foster  Flagg,"j.  J.  R.  I 
Croes,  J.  P.  Davis,  F.  Collingwood,  J.  Veazie ! 
and  E  P.  North.     Vol.  VII.,  page  284. 

Metals.  —  CLXIII.  On  a  newly  discovered  re- 
lation between  the  Tenacity  of  Metals  and  their 
resistance  to  Torsion.     Robert    H.   Thurston,  j 
CLXIV.    Observations  on  the   Stresses  devel- 1 
oped  in  Metallic  Bars  by  Applied  Forces.     The- ' 
odore  Cooper. 


Preservation  of  Timber.  — CLXXVI.  The  Per  - 
manent  Way  of  Railways  in  Great  Britain  and 
Ireland,  with  special  reference  to  the  use  of 
Timber,  preserved  and  unpreserved.  Compiled 
from  information  received  from  Engineers  in 
charge  of  these  Railways      John  Bogart. 

Railroads  — CLIX.  On  the  Theoretical  Resist- 
ance of  Railroad  Curves.  S.  Whinery.  Dis- 
cussion on  the  Resistance  of  Railroad  Curves. 
O  Chanute,  Chas.  E.  Emery,  E.  Yardley,  E.  P. 
North,  C.  L.  McAloine,  F.  Collingwood  and 
Win.  H.  Paine.  Vol.  VII.,  page  97.  CLXVI. 
Reminiscences  and  Experiences  of  Early  Engi- 
neering Operations  on  Railroads,  with  especial 
reference  to  Steep  Inclines.  W.  Milnor  Rob- 
erts. Discussions  on  Inclined  Planes  for  Rail- 
roads. O.  Chanute  and  William  H.  Paine. 
Vol  VII,  page  216. 

Bicers  and  Harbors  — CLXII.  The  South  Pass 
Jetties.  Descriptive  and  Incidental  Notes  and 
Memoranda  E.  L  C-nhjll.  Discussions  on 
the  South  Pass  Jetties.  Charles  W.  Howell,  E 
L.  Corthell,  C.  Shaler  Smith,  J.  Foster  Flags:. 
Vol.  VII.,  page  159.  CLXIX.  The  Dangers 
threatening  the  Navigation  of  the  Mississippi 
River  and  the  Reclamation  of  its  Alluvial  Lands. 
B.  M.  Harrod. 

Steam  Engines. — CLXV.  Cushioning  the  Re- 
ciprocating Parts  of  Steam  Engines.  John  W. 
Hill.  Discussions  on  Steam  Engine  Economy. 
J.  Foster  Flagg  and  E  D.  Leavitt,  Jr.  Vol. 
VII.,  page  194. 

Submarine  Telephony.  —  CLXXIII.  Subma- 
rine Telephoning.      Charles   Ward  Raymond. 

In  addition  to  the  above  papers,  it  is  expected 
that  the  following  subjects  will  be  presented  by 
papers  printed  previous  to  the  date  of  the  Con- 
vention, or  read  at  its  meeting  : 

Engineering  Questions  involved  in  the  Devel- 
opment of  Electric  Lighting.     Stephen  Chester. 

Gelatine  Dynamite  and  High  Explosives. 
Julius  H.  Striedinger. 

Light  House  Construction.     J.  G.  Barnard 

Memoir  upon  the  Construction  of  the  Minot's 
Ledge  Light.     B.  S.  Alexander. 

The  Construction  and  Maintenance  of  Roads. 
Ed  ^ard  P.  North. 

The  Resistances  of  Railway  Rolling  Stock. 
A.  M.  Wellington. 

The  Railroad  Crossing  of  the  Allegheny 
Mountain.     Moncure  Robinson. 

Notes  on  Early  Railroad  Engineering.  Ash- 
bel  Welch. 

.  Remarks  on  the  Causes  of  Fall  of  the  West- 
ern Arched  Approach  to  South  Street  Bridge, 
Philadelphia,  Pa.     J.  G.  Barnard. 

Parabolic  Arches  in  Masonry.  W.  A.  G 
Emonts. 

Notes  on  the  Foundations  of  Piers  of  the  East 
River  Bridge.     F.  Collingwood. 

Experiments  with  Cements  and  appliances 
for  testing.     Alfred  Noble. 

Comparison  of  Standard  Measures,  English, 
French  and  United  States.  Arthur  S.  C.  Wur- 
tele. 

The  Construction  of  Concrete  Blocks  at  the 
end  of  the  South  Pass  Jetties.     Max  E.  Schmidt . 

Notes  as  to  construction  and  operation  of  the 
Railroad  over  the  Ratou  Mountains,  Col.,  and 
the  construction  and  performance  of  the  Loco- 
motives thereon.     James  D.  Burr. 
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Design  and  Construction  Tables  for  Egg- 
shaped  Sewers.     Cyrus  G.  Force,  Jr. 

Members  of  the  Society  are  earnestly  re- 
quested to  furnish  information  or  memoranda 
upon  any  of  the  subjects  referred  to.  They 
are  also  invited  and  expected  to  take  part  in  the 
discussions  either  in  person  or  by  sending  to  the 
Secretary  notes  for  presentation. 

In  either  case,  it  will  assist  the  Committee  in 
arranging  the  details  for  sessions  of  the  Con- 
vention, if  members  expecting  to  take  part  in 
the  discussions  will  notify  the  Secretary  at  once 
to  that  effect. 

Invitation  to  visit  Pittsburg  and  the  Govern- 
ment Works  for  the  improvement  of  the  river 
at  that  place  (Davis  Island  Dam)  has  been  ex- 
tended by  James  H.  Harlow,  member  of  the 
Society. 

Society  of  Engineers. — At  a  meeting  of 
the  Society  of  Engineers,  held  April  21st, 
Westminster,  a  paper  was  read  by  Mr.  J.'  L. 
Haddan  on  "The  Essentials  which  should 
govern  the  Construction  and  Working  of  Tram- 
ways." The  author  observed  that  when  tram- 
ways were  first  introduced,  they  were  a  great 
advance  upon  the  ordinary  roads,  but  that  the 
modern  improvement  of  roadways  had,  in  the 
present  day,  led  almost  to  a  reversal  of  the  rela- 
tive positions  of  road  and  tramway.  In  Amer- 
ica, the  tramways  were  superior  to  the  roads, 
because  the  latter  were  sacrified  to  the  former 
The  tram-rail  there,  moreover,  was  available  for 
the  moderate  ordinary  traffic,  whilst  the  speed 
of  the  tram  service  was  about  twenty  per  cent, 
greater  than  in  this  country  and  on  the  conti- 
nent. Mr.  Haddan  alluded  to  the  general  ten- 
dency to  employ  wood  in  roadways,  and  he 
described  a  system  of  construction  by  which  a 
road  could  be  made  with  a  perfectly  flat  sur- 
face, and  yet  be  well  drained,  and  which  should 
have  the  tramway  incorporated  with  it.  The 
tram-rails,  he  said,  would  be  of  wood,  and  the 
roadway  would  be  kept  surfaced  with  grit,  so 
that  the  wood  would  not  form  the  actual  wear- 
ing surface.  This  system  of  tram  and  roadway, 
the  author  observed,  would  be  homogeneous, 
and  would  combine  the  best  possible  road  for 
ordinary  vehicles,  with  a  perfect  tramway  for 
special  carriages  at  less  cost  than  the  present 
method  of  construction.  The  author  condemned 
the  indiscriminate  introduction  of  railway  and 
omnibus  principles  into  the  construction  and 
working  of  tramways,  and  described  his  pro- 
posed arrangement  for  meeting  the  require- 
ments of  a  tramway  service.  This  consists  of 
a  locomotive  engine  to  be  worked  by  steam  and 
air,  the  steam  being  used  for  compressing, 
during  the  journey,  its  own  supply  of  air  as 
well  as  that  which  supplies  the  continuous  mo- 
tive power  for  propelling  the  cars.  By  revers- 
ing, the  same  driving  mechanism  acts  as  a  con- 
tinuous brake,  and  the  same  system  is -so  ar- 
ranged that  the  driver  constantly  feels  the  pull 
of  the  train  upon  a  regulator  handle.  The  with- 
drawal of  his  hand  from  this  handle  is  to  in- 
stantly cause  the  steam  power  to  block  the  train. 
Thus  the  brake  mechanism  would  always  be  in 
action,  instead  of  lying  dormant,  as  in  ordinary 
continuous  brakes.  The  author,  in  conclusion, 
stated  what,  in  his  opinion,  were  the  technical, 


physical,  and  administrative  requirement-   of 
mechanical  traction  on  tramways  generally. 

Liverpool  Engineering  Society.— At  the 
fortnightly  meeting  on  Wednesday 
ing,  23rd  April,  Mr.  Arthur  J.  Maginnis  re 
paper  entitled,  "A  Few  Years'  Experience  of 
the  Screw  Propeller,  its  Lessons  and  Results," 
for  which  he  was  awarded  the  Carlyle  Gold 
Medal  at  the  Institution  of  Naval  Archi 
session  1879.  as  being  the  best  on  the  subji  i 
screw  propulsion.  The  first  part  of  the; 
dealt  with  the  various  methods  of  construction. 
the  materials  used  for  the  bosses  and  blade-  of 
large  propellers — for  which  recent  experience 
has  proved  the  old  style  of  solid  cast  iron  to  be 
altogether  unsuitable,  although  still  occasion- 
ally used  owing  to  their  cheapness — and  also 
gave  some  important  particulars  of  the  manner 
in  which  failures  have  occurred  from  time  to 
time,  pointing  out  how  they  are  to  be  avoided 
in  the  future.  The  much  vexed  questions  of 
the  relative  merits  of  large  and  small  diam- 
and  of  pitch,  uniform,  or  varying,  were  next 
treated  in  an  able  manner,  and  interesting  sta- 
tistics compiled  from  the  logs  of  some  of  the 
most  important  merchant  steamers  were  given, 
which  showed  that  moderate  reductions  of  both 
diameter  and  pitch  had  given  a  reduction  of 
about  8  per  cent,  in  the  consumption  of  fuel  on 
a  round  voyage,  and  an  increase  of  about  3  per 
cent., in  speed,  the  same  result  being  also  shown 
in  a  marked  degree  by  H.  M.  S.  Iris,  the  import- 
ant trials  of  that  ship  being  also  given  in  a  con- 
cise table  similarly  arranged  to  those  of  the  mer- 
chant steamers.  Passing  over  the  mode  of  at- 
tachment to  the  propeller  shaft,  and  the  loss 
occasioned  by  the  corrosion  of  the  blade,  etc.. 
the  author  dealt  with  the  present  disputed  ques- 
tion of  solid  cast  iron  versus  movable  bladed 
propellers,  and  pointed  out  several  events,  show- 
ing the  advantages  to  be  greatly  in  favor  of  the 
latter.  The  various  ways  by  which  propellers 
may  become  disabled  were  also  noted,  some  of 
the  most  remarkable  being  illustrated  by  draw- 
ings. After  pointing  out  what  experience  had 
taught,  as  to  how  a  large  propeller  should  be 
constructed,  the  important  question  of  the 
effect  of  the  screw  propeller  on  steering  was 
reviewed  at  considerable  length,  and  the  strange 
effect  produced  by  the  sudden  reversing  of  rhe 
propeller,  from  full  speed  ahead  to  full  speed 
astern,  was  fully  treated  and  explained  by  ex- 
plicit diagrams,  showing  in  a  lucid  manner  the 
directions  and  flow  of  the  currents  of  water 
round  about  the  rudder  and  screw  propeller 
which  produced  these  effects.  Appended  to 
the  paper  was  a  neat  tabular  arrangement  of  the 
effect  of  the  propeller  on  the  steering  of  screw 
steamers  under  all  circumstances  for  both  right 
and  left  handed  propellers,  and  also  a  table  giv- 
ing the  dimensions  and  particulars  of  propellers 
at  present  fitted  on  several  of  the  most  irui >ort- 
ant  Liverpool  steamers. 


IRON  AND  STEEL  NOTES. 

"TV  /Tanufactfre  of  Steel  Ingots — With  a 

IV  I      view  to  economize  the  labor  at  present 

required  in  producing  steel  ingots,  and  also  to 

improve  the  quality  of  the  ingot  by  avoiding 
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the  tendency  of  the  metal  to  boil  when  run  into 
the  moulds,  Messrs.  Taylor  &  Wailes,  of  Pan- 
teg,  Monmouth,  propose  to  use  moulds,  which 
consist  of  metal  troughs  placed  side  by  side  or 
parallel  to  one  another,  and  in  rear  therof  they 
fit  ways  on  which  a  traveling  trough  or  gutter 
runs.  This  traveling  trough  is  bent  at  right 
angles  at  its  forward  end  to  form  a  spout  paral- 
leHo  the  moulds,  and  it  serves  to  deliver  into 
the  moulds  the  molten  metal,  which  is  con- 
ducted to  it  from  an  inclined  stationary  gutter 
or  matters  in  connection  with  the  furnace.  The 
stationary  gutter  is  so  situated  with  respect  to 
the  traveling  gutter  that  the  latter  will  be  free 
to  run  under  the  fixed  gutter  and  receive  there- 
from a  continuous  supply  of  the  molten  metal 
while  it  is  presenting  its  discharging  mouth  to 
the  several  moulds  in  succession.  This  arrange- 
ment not  only  facilitates  the  filling  of  the 
moulds,  but  by  filling  them  from  the  top  in  a 
broad  stream  will  remove  all  tendency  which 
the  metal  has  to  boil  in  the  moulds,  and  will 
also  prevent  the  cutting  of  the  moulds  by  the 
falling  metal.  The  moulds,  which  will  consist 
of  open  metallic  troughs,  may  be  made  of  any 
suitable  length,  and  by  an  arched  block  or  tile 
inserted  in  the  moulds  the  metal  poured  therein 
will  be  divided  up  to  form  two  ingots. 

For  facilitating  the  discharge  of  these  ingots 
from  the  moulds  they  propose  to  place,  trans- 
versely of  these  moulds  and  near  their  opposite 
ends,  cross-bars  of  iron  fitted  with  rough  hooks 
or  studs  at  equal  distances  apart,  and  so  ar- 
ranged as  to  enter  the  several  moulds  and  bed 
into5  the  molten  metal.  These  bars  will  be  con- 
nected at  their  opposite  ends  to  a  traveling 
crane,  which,  when  the  metal  is  sufficiently  set 
to  secure  the  connection  of  the  bars  with  the 
ingots  will  be  caused  to  lift  the  bars,  and 
thereby  draw  out  the  ingots  from  the  moulds. 
The  strain  thus  put  on  the  opposite  ends  of  the 
castings  will  cause  them  to  break  in  the  line  of 
the  block  or  tile,  and  the  ingots  will  then  hang 
perpendicularly  in  the  air,  and  may  be  delivered 
on  to  any  suitable  receptacle.  In  some  cases 
they  place  a  rectangular  metal  lifting  strap  with 
eyes  at  its  extremities  inside  the  moulds,  and  at 
such  position  that  it  will  embrace  the  ingot  to 
be  cast  at  about  the  middle  of  its  length.  This 
strap  fits  close  to  the  inside  of  the  mould,  and 
is  covered  over  with  clay,  loam,  brick,  or  other 
substance  to  prevent  the  fusion  of  the  metal: 
this  permits  of  the  lifting  out  of  the  ingot  hori- 
zontally by  connecting  lifting  chains  with  the 
strap,  and  when  the  strap  is  disengaged  from 
the  chain  it  may  readily  be  separated  from  the 
ingot. 

Id  order  to  prevent  any  irregularity  in  the 
form  of  the  ingot,  the  ingot  mould  may  be  re- 
cessed to  admit  the  strap,  and  the  joints  may 
be  made  good  by  clay  loam.  In  some  cases 
they  propose  to  make  the  moulds  of  the  length 
of  the  ingot  desired,  and  to  set  two  of  such 
moulds  end  to  end,  making  good  the  butt  joints 
by  means  of  clay  puddle.  The  metal  cast  in 
such  jointed  moulds  will,  when  lifted  out  of  the 
moulds  by  the  means  above  described,  break  at 
the  middle  of  their  length  or  at  a  point  coinci- 
dent with  the  line  of  junction  with  the  moulds, 
and  the  ingots  will  then  hang  from  the  lifting 
bars  as  explained.     This  mode  of  clearing  the 


moulds  of  the  ingots  will  greatly  economize  the 
labor  at  present  Required  for  performing  such 
duty,  as  the  handling  of  the  moulds  and  the 
ingots  for  this  purpose  is  entirely  avoided. 


RAILWAY  NOTES. 

Railway  to  India. — A  paper  was  read  be- 
fore the  Civil  and  Mechanical  Engineers' 
Society  by  Mr.  Haughton,  C.E.-,  on  the  subject 
of  "  A  Railway  to  India." 

Mr.  Haughton  exhibited  a  map  showing  the 
regions  to  be  crossed,  taking  Constantinople  and 
the  town  of  Shikarpore,  on  the  River  Indus,  as 
the  terminal  points  of  the  railway  ;  he  spoke  of 
the  suggested  Euphrates  Valley  Railway  from 
Scanderoon  or  Swadia,  ou  the  mainland  oppo- 
site the  horn  of  the  island  of  Cyprus  to  the  head 
of  the  Persian  Gulf,  with  its  possible  extension 
along  the  Mekran  coast  to  Kurrachee,  at  the 
mouth  of  the  Indus,  as  being  quite  out  of  the 
line  of  the  terminal  points  named,  and  as  being 
objectionable  because  of  passing  through  a 
region  destitute  of  towns  after  passing  Bussorah ; 
such  a  line,  while  forming  a  perhaps  useful 
strategical  road  to  India,  entirely  failed  to  tap 
the  larger  centers  of  population  and  trade  of 
the  countries  intervening  betweeu  Europe  and 
India,  viz.,  Asia  Minor  and  Persia.  He  pre- 
ferred a  railway  passing  through  Sivas  and 
Diarbekir,  in  Asia  Minor  (where  it  would  cross 
the  Taurus  range  of  mouutains),  Mosul,  and 
Kefri,  in  Turkish  Arabia,  with  a  short  branch 
to  Bagdad,  crossing  the  Gates  of  Zagros  range 
on  the  Persian  frontier,  and  going  through  the 
Persian  towns  of  Kermanshah,  Hamadan, 
Teheran,  Shahrud,  and  Mushed,  crossing  the 
Afghanistan  frontier,  and  passing  through 
Herat  and  Candahar  and  through  the  Bolan 
Pass  into  Shikapore,  a  stalion  on  the  Indus 
Valley  Railway.  Such  a  line  would  open  up 
the  most  populous  and  traffic  ally-valuable  dis 
tricts  of  Persia,  towards  which  country,  as  well 
as  towards  India,  Russia  is  hastening  every 
day. 

Colonel  Sir  Arnold  Kembell  wished  to  im- 
press on  the.  meeting  the  vastness  of  such  an 
enterprise.  He  believed  it  would  be  of  much 
importance  in  view  of  the  interests  of  England 
and  of  India,  and  of  great  value  in  opening  up 
the  trade  of  Turkish  Arabia. 

Mr.  Trelawney  Saunders  said  the  importance 
of  such  a  line  of  railway  could  hardly  be  over- 
estimated, and  that  he  thought  the  route  indi- 
cated on  the  map  would  be  eventually  that 
selected  for  a  railway  to  India. 

INEFFICIENT  CONTINUOUS  BRAKES.  —  A 
treacherous  friend  is  more  dangerous  than 
an  open  enemy,  and  it  is  far  better  to  be  without 
a  continuous  brake  than  to  place  reliance  on 
one  which  will  fail  when  it  is  most  wanted.  A 
few  gentlemen  connected  with  the  Great  North- 
ern Railway  have  for  a  long  time  held  to  the 
vacuum  brake  as  being  perfect,  just  as  Mr. 
Webb  and  one  or  two  London  and  North- 
western Railway  men  claim  that  the  chain 
brake  is  the  best  in  the  world.  Constant  practi- 
cal failures  have  taught  these  men  nothing. 
Perhaps  because  the  failures  did  not  entail 
actual  loss  of  life  or  limb  on  a  larare  scale.    How 
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long  they  are  to  enjoy  this  immunity  is,  how- 
ever, a  doubtful  question,  and  an  accident  which 
occurred  on  Friday  afternoon  to  the  Flying 
Scotchman  on  the  Great  Northern  line,  teaches 
a  lesson  which  should  not  be  overlooked  As 
this  train,  which  does  not  stop  between  York 
and  Grantham,  was  passing  through  Bawtry 
station,  it  was  noticed  by  some  of  the  officials 
on  the  platform  that  one  wheel  of  one  carriage 
was  off  the  line,  and  a  telegram  was  immedi- 
ately despatched  to  the  next  station  to  stop  the 
train.  The  carriage,  however,  caught  the 
bridge  over  the  Scaftworth  road,  and  carried 
away  a  portion  of  the  stone  coping,  and  was 
pulled  lip  at  about  200  yards  beyond.  By  this 
time  some  six  carriages  had  left  the  metals  and 
considerable  damage  was  done  to  the  permanent 
way.  The  passengers  were  much  shaken,  and 
one  lady  was  seriously  injured.  Two  of  the 
first-class  carriages  were  almost  on  their  sides, 
while  the  axle  of  another  was  broken.  The 
communication  cord  was  broken  before  it  was 
noticed  that  a  carriage  had  left  the  rails,  and 
the  vacuum  brake  was  rendered  useless  in  con- 
sequence of  its  having  become  disconnected.  If 
the  principal  features  of  this  accident  be  con- 
trasted with  that  of  certain  others  in  which  the 
train  was  fitted  with  the  automatic  brake,  a 
vast  difference  in  favor  of  the  latter  will  be 
recognized.  The  vacuum  brake  will  do  the 
work  of  guards  and  firemen  very  fairly,  but  as  a 
safety  brake  it  is  quite  inefficient.  This  truth 
has  long  been  recognized  by  everyone,  save  a 
few  individuals  who  probably  like  the  vacuum 
brake  because  it  is  the  smallest  remove  from  the 
old  hand  brake  to  be  found ;  and  if  a  change 
must  be  made,  they  give  the  preference  to  the 
least  change  possible.  Railway  companies  re- 
quire severe  lessons  to  teach  them  to  do  what  is 
right.  The  Great  Northern  Company  narrowly 
escaped  receiving  such  a  lesson  on  Friday. 


ENGINEERING  STRUCTURES. 

Tubular  Piles. — The  difficulty  which  at- 
tends driving  long  tubular  piles  is  well 
known  to  all  those  who  have  attempted  to  drive 
them,  especially  when  they  are  to  be  driven 
from  the  surface  of  water  of  considerable  depth 
above  the  bed  of  the  water  course.  Messrs.  Le 
Grand  and  Sutcliffe,  of  Bunhill-row,  so  well 
known  through  their  connection  with  tube 
wells,  have  devised  a  method  of  putting  down 
tubular  piles  of  any  length.  This  consists  in 
driving  them  by  means  of  an  elongated  cylin- 
drical monkey  which  works  inside  the  tubular 
pile.  The  monkey  is  raised  by  means  of  rods 
or  rope,  and  allowed  to  fall  upon  the  flat  head 
of  the  solid  point.  The  pile  thus  forms  its  own 
guide  for  the  monkey.  One  advantage  of  these 
piles  is  that  they  can  be  driven  with  facility,  of 
very  great  length  and  in  deep  water.  A  wrought 
or  cast  iron  pile,  say  75  ft.  long,  is  lowered 
through  the  water  length  by  length,  screwed 
together  by  strong  barrel-shaped  steel  sockets 
until  ground  is  reached  and  additional  lengths 
are  added  as  the  pile  is  driven.  They  can  also 
be  filled  with  concrete  well  rammed  to  increase 
their  strength.  For  some  purposes  the  piles 
are  made  in  a  short  length  with  a  flange  on  the 
top,  the  length  being  sufficient  to  allow  the 
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flange  to  stand  at  the  ground  surface ;  a  tubular 
or  other  post  with  a  bottom  flange  can  be  fast- 
ened thereto  permanently  or  temporarily.  It 
misfit  at  first  sight  appear  that  a  heavy  ram 
falling  upon  the  inside  upper  surface  of  the 
point  of  a  long  pile  would  tend  to  pull  such  a 
pile  in  two  at  the  screw  joints  by  rea  -on  of  the 
inertia  of  rest  of  all  above  the  point.  It  does 
not  seem,  however,  that  this  is  the  case,  and 
short  cast  iron  piles  have  been  driven  a  number 
of  times,  on  some  occasions  into  a  macadamise  d 
road,  without  apparent  injury.  The  method  of 
driving  secured  great  facility  and  simplicity, 
and  the  number  of  applications  of  the  method  "is 
almost  innumerable.  For  tube  wells,  piles, 
telegraph  and  signal  posts,  tent  poles  and  plugs, 
it  will  be  very  valuable,  and  as  a  tool  for  mak- 
ing holes  for  wood  telegraph  posts,  a  short 
tubular  pile  and  hand  monkey  will  greatly  sim- 
plify operations.  The  War-office  has  instructed 
the  Royal  Engineer  Committee  to  make  a  series 
of  experiments  with  this  pile  in  various  soils 
immediately.  The  experiments  will  take  the 
form  of  actual  bridge  construction. 

The  St.  Gotkard  Tuxnel. — In  a  -paper 
just  communicated  to  the  French  Acad- 
niy,  M.  Collidon  gives  some  interesting  de- 
tails of  the  progress  of  this  great  enterprise. 
Besides  the  excessive  hardness  of  the  banks  of 
serpentine  and  quartz,  and  the  insufficiency  of 
hydraulic  forces  on  the  Airolo  side  (after  the 
lowness  of  water  in  winter),  there  has  been  a 
very  troublesome  infiltration  in  the  south  por- 
tion, the  volume  of  water  having  increased  since 
the  second  year  to  more  than  230  litres  per  sec- 
ond in  the  advance  gallery.  The  difficulty  of 
working  here  under  jets  which  had  often  the 
force  of  those  from  a  fire-engine  pump,  can  be 
readily  imagined.  Another  difficulty  arises 
from  a  mass  of  decomposed  felspar  mixed  with 
gypsum,  found  under  the  plains  of  Audermatt. 
This  plastic  material  swells  on  contact  with 
moist  air,  and  exerts  a  pressure  of  terrible  force, 
capable  of  crushing  the  strongest  woodwork, 
and  even  arches  of  granite.  In  some  of  these 
parts  the  workers  thought  themselves  happy 
when  they  were  able  to  advance  (with  manual 
boring)  about  1  metre  in  three  or  four  days; 
whereas,  through  granite,  with  compressed  "air 
and  mechanical  perforation,  a  regular  advance 
of  4  metres  in  24  hours  has  been  achieved 
through  gneiss  6  metres,  and  more.  As  regards 
apparatus,  M.  Colladon  states  that  the  volume 
of  water  from  the  Tremola  (Airolo  side)  having 
been  found  insufficient,  M.  Favre  brought  water 
in  an  aqueduct,  3000  metres  long,  from  the 
Tessin,  to  work  new  turbines  of  four  compress- 
ors, on  the  same  system  as  the  others,  but  of 
greater  value.  These  turbines  are  of  cast  iron. 
It  is  noticeable  that  the  old  and  smaller  bronze 
turbines  (formed  of  one  piece),  which  have  made 
some  155,000,000  revolutions  per  annum,  are  in 
good  preservation,  after  four,  or  even  five  years' 
service,  and  still  work  usefully,  after  slight 
renewals.  On  each  side  of  the  tunnel  there  are 
at  present  sixteen  air  compressors  in  action, 
serving  both  for  aeration  and  for  boring  opera- 
tions. They  send  into  the  tunnel  air  under  a 
pressure  of  eight  atmospheres,  sufficient  to  drive 
eighteen  to  twenty  drills,  and  effect  good  ven- 
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tilation  of  the  part  already  bored,  which,  is  at 
present  6100  metres  on  the  "north  side,  and  5390 
metres  on  the  south  side.  On  either  side  there 
are,  ni^ht  and  day,  several  hundreds  of  work- 
men with  lamps,  and  about  300  kilogrammes  of 
dynamite  are  consumed.  The  compressors  are 
found  to  suffice  for  good  ventilation,  rendering 
unnecessary  two  large  exhaust  vessels,  placed 
two  years  ago  at  either  mouth  of  the  tunnel  for 
drawing  off  smoke  and  vitiated  air.  The  trans- 
port of  materials  is  effected  by  horses  in  the 
more  advanced  part  of  the  tunnel,  and  by  com- 
pressed air  locomotives  in  the  portions  near  the 
mouths.  To  feed  these  locomotives  eight  of  M. 
Colladon's  compressors  are  placed  at  Airolo  and 
Goeschenen.  They  draw  air  from  the  ventilat- 
ing pipe,  and  force  it,  under  a  pressure  of  12  or 
14  atmospheres,  into  a  pipe  which  passes  along 
the  part  traversed  by  the  locomotives.  A  great 
variety  of  rock  drills  have  been  used.  Each 
year  brings  new  improvements. 


ORDNANCE  AND  NAVAL. 

The  experimental  cruise  of  the  Royal  Mail 
steamer  Gallia,  already  celebrated  on  ac- 
count of  the  part  played  in  her  construction  by 
foreign  workmen,  took  place  on  the  27th  ult. 
On  her  trial  she  made  the  mile  in  three  minutes 
and  forty-five  seconds,  equal  to  sixteen  knots 
an  hour,  or  eighteen  and  one-quarter  miles.  She 
is  bark-rigged  and  has  nine  iron  bulkheads,  of 
which  seven  are  watertight,  and  run  up  to  the 
spar  deck,  forming  eight  watertight  compart- 
ments. There  aielwo  dining  saloons  for  cabin 
passengers,  one  of  spacious  size,  on  the  spar 
deck.  It  is  lighted  by  a  handsome  cupola,  and 
beautifully  ornamented  with  Japanese  panelling. 
The  coal  bunkers  are  well  ventilated  and  con- 
structed to  contain  1,000  tons  of  fuel.  The 
water  tanks  are  made  of  galvanized  iron,  and 
are  capable  of  holding  14,000  gallons.  The 
fresh  water  condensers  are  capable  of  providing 
4,000  gallons  daily.  Steam  steering  gear  is 
fitted  amidships,  but  to  meet  casees  of  emer- 
gency there  is  also  a  manual  steering  gear  with 
wheel-house  aft.  There  are  iron  lighthouses, 
entered  from  the  deck  below,  allowing  lights  to 
be  easily  accessible  even  in  the  wildest  weather. 
Suspended  from  davits  are  ten  large  lifeboats, 
with  patent  lowering  apparatus.  The  Gallia  is 
the  largest  and  most  complete  of  all  the  Cunard 
ships.  She  starts  on  her  first  voyage  to  New 
York  to-morrow. 

Krupp's  Great  Steel  Gun. — HerrKrupp 
is  about  to  try  at  Meppen,  Germany,  the 
latest  and  largest  steel  gun  turned  out  by  his 
great  works,  and  indeed  the  largest  specimen  of 
steel  ordnance  yet  made.  It  weighs  72  tons, 
with  a  calibre  of  15^  in.  The  length  of  the 
gun  is  32  ft.  8  in. ,  and  that  of  the  bore  28  ft.  6 
in.  The  English  80  ton  gun  has  a  calibre  of  16 
in.,  a  total  length  of  27  ft.,  and  a  bore  24  ft. 
long.  The  charge  for  Krupp's  monster  gun  is 
to  be  385  lb.  of  prismatic  powder,  the  projectile 
being  a  chilled  iron  shell,  weighing  1,660  lb., 
and  having  a  bursting  charge  of  22  lb.  of  pow- 
der. The  force  of  the  shot  on  leaving  the  gun 
is  estimated  at  31,000  foot-tons,  and  it  is  calcu- 
lated that  the  gun  can  throw  its  projectile  a 


distance  of  15  miles.  The  forthcoming  trials 
will  take  place  on  a  range  11  miles  long,  and 
the  targets  will  have  to  be  placed  at  such  a  dis- 
tance that  the  gun  will  have  to  be  directed  by 
other  means  than  the  visibility  of  the  object  to 
be  struck.  The  material  of  which  the  'Krupp 
gun  is  composed  is  steel  throughout.  The  core 
of  the  gun  consists  of  a  tube  running  its  entire 
length,  as  in  the  Woolwich  gun,  but  open  at 
the  rear,  the  loading  being  at  the  breach  instead 
of  the  muzzle.  The  tube  of  this  large  weapon 
being  of  such  great  length,  it  has  been  made  in 
two  portions,  the  joint  being  secured  in  a  pecu- 
liar manner.  Over  the  tube  are  four  "jackets  " 
or  cylinders  of  various  lengths,  supplemented 
by  a  ring  over  the  breech  portion.  The  cylin- 
ders are  much  less  massive  than  in  the  Fraser 
gun,  and  approximate  more  to  the  pattern  of  the 
Armstrong  ordnance.  The  gun  is  chambered, 
that  is  to  say,  the  powder  chamber  has  a  greater 
diameter  than  the  bore.  The  form  given  to  the 
powder  prisms,  and  the  adjustment  of  the  cart- 
ridge in  the  bore,  allow  altogether  an  amount  of 
space  which  gives  40  per  cent,  of  air  to  the 
powder  actually  composing  the  charge.  The 
rifling  is  polygonal  with  a  uniform  twist,  and 
the  shot  is  rotated  by  means  of  a  copper  ring 
around  its  circumference  near  the  base,  the 
Vavasseur  system  in  short  The  closing  of  the 
breech  is  effected  by  the  well-known  Broadwell 
system  adopted  for  all  his  ordnance  by  Mr. 
Krupp. 

BOOK  NOTICES 

Model  Yacht  Butldistg  and  Sailing. 
London :  Charles  Wilson.  For  sale  by 
D.  Van  Nostrand.     Price  $2.00. 

This  subject  possesses  rare  attractions  for  a 
large  class  of  people  who  delight  to  pursue  a 
diversion  with  a  systematic  plan  and  scientific 
precision. 

This  is  a  complete  instruction  book  for  the 
amateur  model  yacht  builder  and  includes  di- 
rections for  all  details.  It  is  also  supplemented 
with  an  illustrated  vocabulary  of  nautical  tech- 
nology. 

The  author  has  given  his  instruction  in  a 
singularly  felicitous  straightforward  way  which 
will  surely  prove  acceptable  to  all  interested  in 
the  subject. 

Electric  Lighting  and  its  Practical 
Application  By  J.  N.  Shoolbred, 
M.  I.  C.  E.  London:  Hardwicke  &  Boyne. 
For  sale  by  D.  Van  Nostrand.     Price  2.50. 

This  is  a  very  compact  summary  of  descrip- 
tions of  present  modes  of  electric  lighting,  and 
affords  a  fair  estimate  of  the  relative  value  of 
machines  and  lights  which  are  now  before  the 
public. 

The  chapters  treat  severally  of  topics  as 
follows : 

I.  Historical  and  Descriptive.  II.  Electric 
Light  Machines.  III.  Lamps  and  Regulators. 
IV.  Carbons  and  Conducting  Wires.  V.  Motive 
Power.  VI.  Luminous  Intensity.  VII.  Appli- 
cations and  Economic  Results.  VIII.  Prospects 
of  Electric  Lighting. 

The  illustrations  are  sufficiently  numerous 
and  of  fair  quality, 
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Tl^HE  Student's  Text-Book  of  Electricity. 
J  By  Henry  M.  Noad,  F.  B.  S.  A  new 
edition  with  additional  chapters.  By  W.  H. 
Preece,  M.  I.  C.  E.  London:  Crosby,  Lock- 
wood  &  Co.  For  sale  by  D.  Van  Nostrand. 
Price  $5.00. 

This  new  edition  of  an  excellent  work  is 
quite  timely.  Nothing  better  than  the  earlier 
edition  has  ever  appeared  to  meet  the  wants  of 
those  who  apply  electricity.  Nothing  else  in 
English  is  so  full  of  practical  electrical  science. 

This  new  edition  is  enriched  by  the  additions 
of  Mr.  Preece,  who  has  given  a  summary  of 
dynamo-electric  inventions  and  electric  illumi- 
nation, down  to  the  beginning  of  the  present 
year. 

The  remarkable  abundance  of  illustrations 
which  characterized  the  former  edition  is  ex- 
hibited quite  as  fully  in  the  new  chapters. 

C~aoal  Mines  Inspection— Its  History  and 
y  Results.  By  R.  Nelson  Boyd,  F.  R. 
G.  S.  London:  W.  H.  Allen  &  Co.  For 
sale  by  D.  Van  Nostrand. 

This  is  a  history  of  the  legislation  in  Great 
Britain  relating  to  the  inspection  of  coal  mines, 
giving  a  full  account  of  the  improvements  in 
methods  and  machinery  adopted  from  time  to 
time,  whereby  the  danger  to  life  in  the  mines 
has  been  steadily  lessened. 

It  appears  from  the  statistics  given  quite 
fully  in  the  appendix,  that  whereas,  in  1851, 
the  mining  of  one  million  tons  of  coal  cost 
19.35  human  lives,  in  1876  the  same  amount  of 
coal  cost  but  6.95  lives,  and  that  the  decrease 
was  steadily  maintained  during  this  period. 

To  the  English  collier,  or  the  mine  owner,  the 
book  is  full  of  interest. 

Ies  Metaux  a  l'Exposition  TJniverselle 
j  de  1878.  Par  H.  Sebastefr  Paris  : 
Dunod.  For  sale  by  D.  Van  Nostrand.  Price 
$5  00. 

This  is  a  large  quarto  volume  of  300  pages  of 
text  and  16  pages  of  plates. 

The  metals  treated  of  are  the  various  irons 
and  steels  together  with  such  alloys  of  copper 
as  have  been  proved  to  possess  an  exceptional 
strength. 

The  resisting  powers  of  the  metals  is  treated 
at  considerable  length  as  is  also  the  method  of 
determining  such  resistances  by  the  various 
testing  machines.  Most  of  the  illustrations  are 
of  these  machines  and  include  the  prominent 
and  familiar  American  forms. 

The  work  is  a  valuable  compendium  of  in- 
formation on  the  subject  of  metals  and  in 
engineering  constructions. 

A  Practical  Treatise  on  the  Combus- 
tion of  Coal.  By  Wm.  M.  Barr. 
Indianapolis:  Yohn  Brothers.  For  sale  by 
D.  Van  Nostrand.     Price  $2.50. 

This  work  aims  to  present  within  a  moderate 
compass  the  theory  of  the  combustion  of  coal, 
with  a  view  of  adapting  it  to  the  needs  of  that 
large  body  of  men  whose  interests  are  identified 
with  the  use  of  coal,  and  to  whom  a  correct 
knowledge  of  the  subject  is  especially  desirable, 
but  who,  on  account  of  the  abstruse  style  of  the 
present  treatises,  cannot  readily  obtain  the 
required  information. 


All  that  the  author  claims  is  the  adaptation  ( 
the  science  of  the  higher  treatises  to  readers 
who  find  difficulty  in  studying  the  higher 
standard  works. 

Considerable  space  is  devoted  to  descripti<  i  : 
of  special  devices  for  burning  fuel  of  dili 
kinds.      The  illustrations  are  of  fair  quality, 
and  the  general  typography  is  excellent. 

The  Transmission  of  Power  ey  Com- 
pressed Air.  By  Robert  Zahner.  ME. 
New  York:  D.  Van  Nostrand.  (Van  Nostranu's 
Science  Series,  No.  40).     Price  50  cts. 

The  opinion  is  now  very  general  that  the 
maximum  of  economy  in  the  use  of  rock-drill- 
ing machinery  is  to  be  looked  for  les<  in  the 
further  improvement  of  the  drills  themselves 
than  in  the  perfection  of  the  air-compressing 
machinery,  and  this  perfection  can  only  be 
arrived  at  by  careful  attention  to  the  various 
scientific  considerations  connected  with  the 
subject.  The  whole  question  is  ably  discussed 
in  a  recent  volume  of  Van  Nostrand's  Science 
Series,  by  Mr.  Robert  Zahner,  and  the  inform- 
ation he  supplies  is  so  valuable  that  it  should 
be  generally  studied  by  all  who  have  occasion 
to  use  compressed  air.  The  subject  of  com- 
pressed air  and  compressed-air  machinery 
offers,  as  Mr.  Zahner  states,  a  wide  field  for 
useful  investigation.  Compressed  air  has  be- 
come a  most  efficient  and  powerful  agent  in  the 
hands  of  the  modern  engineer.  Its  applications 
are  rapidly  growing  both  in  extent  and  import- 
ance. There  can  be  no  doubt  that  the  great 
waste  of  energy  that  to-day  accompanies  the 
use  of  compressed  air  is  due  not  only  to  sickly 
design  and  faulty  construction  of  machines, 
but  very  largely  also  to  the  general  ignorance 
of  the  principles  of  thermodynamics.  In  his 
historical  notice  Mr.  Zahner  points  out  that  the 
application  of  compressed  air  to  industrial  pur- 
poses dates  from  the  close  of  the  last  century. 
Long  before  this,  indeed,  we  find  isolated 
attempts  made  to  apply  it  in  a  variety  of  ways, 
but  its  final  success  must  be  ascribed  to  the 
present  age — the  age  of  mechanic  arts — an  age 
inaugurated  in  so  splendid  a  manner  by  the 
genius  of  Watt,  and  which  has  been  so  wonder- 
fully productive  in  good  to  mankind.  Cubitt 
and  Brunei,  between  1851  and  1854,  first 
anplied  compressed  air  In  its  statical  applica- 
tion to  the  sinking  of  bridge  caissons.  Prof. 
David  Colladon,  of  Geneva,  in  1852,  first  con- 
ceived and  suggested  the  idea  of  employing  it 
in  the  proposed  tunneling  of  the  Alps,  and 
finally  Sommeiller  first  practically  realized  and 
applied  Colladon's  idea  in  the  boring  of  the 
Mont  Cenis  Tunnel. 

For  transmitting  power  to  great  distances 
shafts,  belts,  friction  wheels,  and  gearing  aie 
clearly  out  of  the  question  The  practical  in- 
compressibility  and  want  of  elasticity  of  water 
renders  the  hydraulic  method  unfit  for  trans- 
mitting regularly  a  constant  amount  of  power  : 
it  can  be  used  to  advantage  only  where  motive 
power  acting  continuously  is  to  be  accumulated 
and  applied  at  intervals,  as  for  raising  weights, 
operating  punches,  compressing,  forging,  and 
other  work  of  an  intermittent  character  requir- 
ing a  great  force  acting  through  a  small  dis- 
tance.   Compressed  air  is  the  only  general  mode 
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of  transmitting  power;  the  only  one  that  is  al- 
ways and  in  every  case  possible,  no  matter  how 
great  the  distance  nor  how  the  power  is  to  be 
distributed  and  applied.  No  doubt  as  a  means 
of  utilizing  distant  yet  hitherto  unavailable 
sources  of  power  the  importance  of  this  medium 
can  hardly  be  overestimated.  But  compressed 
air  is  also  a  storer  of  power,  for  we  can  accumu- 
late any  desired  pressure  in  a  reservoir  situated 
at  any  distance  from  the  source,  and  draw  upon 
this  store  of  energy  at  any  time,  which  is  not 
possible  either  in  the  case  of  steam,  water,  or 
wire -rope.  But  compressed  air  is  especially 
adapted  to  underground  work  ;  steam  is  here 
entirely  excluded,  for  the  confined  character  of 
the  situation  and  the  difficulty  of  providing  an 
adequate  ventilation  renders  its  use  impossible. 
Compressed  air,  besides  being  free  from  the 
objectionable  features  of  steam,  possesses  prop- 
erties that  render  its  employment  conducive  to 
coolness  and  purity  in  the  atmosphere  into 
which  it  is  exhausted.  The  boring  of  such 
tunnels  as  the  Mont  Cenis  and  St.  Gothard 
would  have  been  impossible  without  it.  Its 
easy  conveyance  to  any  point  of  the  under- 
ground workings,  its  ready  application  at  any 
point,  the  improvement  it  produces  in  the  ven- 
tilating currents,  the  complete  absence  of  heat 
in  the  conducting  pipes,  the  ease  with  which  it 
is  distributed  when  it  is  necessary  to  employ 
many  machines  whose  positions  are  daily  chang- 
ing, such  as  hauling  engines,  coal-cutting  ma- 
chines, and  portable  rock  drills ;  these  and  many 
other  advantages  when  contrasted  with  steam 
under  like  conditions  give  compressed  air  a 
value  which  the  engineer  will  fully  appreciate. 
There  is  every  reason  to  believe  that  com- 
pressed air  is  to  receive  a  still  more  extensive 
application.  The  diminished  cost  of  motive 
power  when  generated  on  a  large  scale  com- 
pared with  that  of  a  number  of  separate  steam 
engines  and  boilers  distributed  over  manufac- 
turing districts,  and  the  expense  and  danger  of 
maintaining  an  independent  steam  power  for 
each  separate  establishment  where  power  is 
used,  are  strong  reasons  for  generating  and  dis- 
tributing compressed  air  through  mains  and 
pipes  laid  below  the  surface  of  the  streets,  in 
the  same  way  as  gas  and  water  are  now  sup- 
plied. Especially  in  large  cities  would  the 
value  of  such  a  system  be  invaluable ;  no  more 
disastrous  boiler  explosions  in  shops  filled  with 
hundreds  of  working  men  and  women;  the 
danger  of  fire  greatly  reduced ;  a  corresponding 
reduction  in  insurance  rates;  an  important 
saving  of  space;  cleanliness,  convenience,  and 
economy.  As  affording  a  means  of  dispensing 
with  animal  power  on  our  tramways  com- 
pressed air  has  been  proposed  as  the  motor.  It 
has  already  met  with  some  success  in  this  direc- 
tion, and  to-day  there  are  eminent  French,  Eng- 
lish, and  American  engineers  at  work  upon  this 
interesting  problem.  Mr.  Zahner  treats  first  of 
the  conditions  modifying  efficiency  in  the  use 
of  compressed  air — loss  of  energy,  methods  of 
cOoling,  conditions  most  favorable  to  economy 
in  the  use  of  compressed  air,  efficiency  attained 
in  practice,  and  losses  of  transmission.  In  treat- 
ing of  the  physical  properties  and  laws  of  air 
Mr.  Zahner  deals  with  the  subject  in  a  manner 
which  will  make  it  intelligible  to  every  practi- 


cal man,  and  the  same  may  be  said  of  the  sub- 
sequent chapters — thermodynamic  principles 
and  formulae,  thermodynamic  equations  applied 
to  permanent  gases,  thermodynamic  laws  ap- 
plied to  the  action  of  compressed  air,  the  effi- 
ciency theoretically  attainable,  the  effects  of 
moisture,  of  the  injection  of  water,  and  of  the 
conduction  of  heat;  American  and  European 
air  compressors;  and  examples  from  practice. 
There  is,  probably,  no  other  book  containing 
the  same  amount  of  useful  information  in  a 
similar  space,  a  circumstance  which  will  suffice 
to  commend  it  to  the  attention  of  every  engi- 
neer who  uses  or  could  use  compressed  air  as  a 
motor. — London  Mining  Journal 


MISCELLANEOUS. 

Mean  Depth  of  the  Sea.  —  A  large 
amount  of  material  for  arriving  at  some 
approximately  correct  notion  of  the  mean  depth 
of  the  sea,  has  accumulated  in  recent  years.  In 
a  note  to  the  Gottingen  Academy,  Dr.  Krilm- 
mel  has  lately  attempted  this,  in  view  of  the 
vague  and  variable  statements  on  the  subject  in 
text-books.  Soundings  were  wanting  for  the 
Antartic  and  a  part  of  the  North  Polar  Sea,  i  e., 
about  475,000  square  miles,  or  7  per  cent,  of  the 
entire  sea-surface,  so  that  he  gives  his  estimate 
only  as  a  closer  approximation.  He  estimates, 
then,  the  mean  depth  of  the  sea  as  1,877  fathoms, 
or  3,432  meters,  or  0.4624  geographical  miles. 
It  was  natural  to  compare  the  mean  height  of 
dry  land  above  the  sea  level.  Humboldt's  esti- 
mate of  308  meters  is  regarded  as  quite  out  of 
date.  Leipoldt  has  since  estimated  the  mean 
height  of  Europe  as  300  meters.  Accepting 
this  number  for  Europe,  500  for  Asia  and 
Africa,  330  for  America,  and  250  for  Australia, 
Dr.  Kriimmel  obtains  the  mean  of  420  meters, 
or  0,0566  miles.  The  surface-ratio  of  land  to 
water  being  considered  1:2.75,  the  volume  of 
all  dry  land  above  the  sea-level  is  inferred  to  be 
140,086  cubic  miles,  and  the  volume  of  the  sea 
3,138,000  cubic  miles.  Thus  the  ratio  of  the 
volumes  of  land  and  water  is  1:22.4.  That  is, 
the  continents,  so  far  as  they  are  above  the  sea- 
level,  might  be  contained  22.4  times  over  in  the 
sea-basin.  Reckoning,  however,  the  mass  of 
solid  land  from  the  level  of  the  sea-bottom,  the 
former  would  be  contained  only  2.443  times  in 
the  sea-space.  Dr.  Kriimmel  also  compares  the 
masses  (taking  recent  data) ;  he  finds  that  of  the 
sea  3,229,700  cubic  miles,  and  that  of  the  solid 
land  3,211,310  (a  small  difference).  If  the 
specific  gravity  of  the  land  were  raised  merely 
from  2.5  to  2.51432,  we  should  thus  have  per- 
fect equilibrium.  Such  equilibrium  is  probably 
the  fact. — Nature. 

One  of  the  latest  attempts  to  correct  the  ir- 
regular flight  of  war  rockets  consists  of 
fixingan  additional  head  to  the  missile  with 
holes  in  the  neck  for  the  escape  of  the  powder 
gas  rearwards,  similar  to  the  escapement  at 
the  base.  It  was  thought  that  this  would 
cause  the  rocket  to  preserve  a  more  correct 
balance  as  well  as  increase  its  range,  but  it  has 
found  in  practice  to  have  the  contrary  effect, 
and  the  suggested  improvement  is  a  failure. 
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Prof.  Max  Muller, 

Rt.  Hon.  W.  E.  Gladstone, 

James  Anthony  Froude, 

Prof.  Huxley, 

Richard  A.  Proctor, 

Prof.  Gold  win  Smith, 

Edward  A.  Freeman, 

Prof.  Tyndall, 

Dr.  W.  B.  Carpenter, 

Frances  Power  Cobbe, 


The  Duke  of  Argyll,    Matthew  Arnold, 


William  Black, 
Miss  Thackeray, 
Mrs.  Muloch-Craik, 
George  MacDonald, 
Mrs.  Oliphant, 
Mrs.  Alexander, 
Jean  Ingelow, 
Julia  Kavanagh, 
Thomas  Hardy, 


J.  NOBHAN  LOCKYEB, 

Francis  W.  Newman, 

Alfred  Russell  Wailace, 

Henry  Ki.vgsley, 

W.  W.  Story, 

Ivan  Turguenief, 

Ruskin, 

Tennyson, 

Browning, 


and  many  others,  are  represented  in  the  pages  of 


In  1879,  The  Living  Age  enters  upon  its  thirty-sixth  year,  admittedly  unrivalled  and  continuously  suc- 
cessful.   A  Weekly  Magazine,  of  sixty-four  pages,  it  gives  more  than 

1?2a.3roo  azicl  a,  Quarter  1*1i.otli.ss£i,:b3.c1 

double-column  octavo  pages  of  reading-matter  yearly,  forming  four  large  volumes.  It  presents  in  an  inexpen- 
sive form,  considering  its  great  amount  of  matter,  with  freshness,  owing  to  its  weekly  issue,  and  with  a 
satisfactory  completeness  attempted  by  no  other  publication,  the  best  Essays,  Reviews,  Criticisms,  Tales, 
Sketches  of  Travel  and  Discovery,  Poetry,  Scientific,  Biographical,  Historical,  and  Political  Information, 
from  the  entire  body  of  Foreign  Periodical  Literature. 

During  the  coining  year,  Serial  and  Short  Stories  by  the  Most  Eminent  Foreign  Authors  will  be 
given,  together  with  an  amount 

■0:o.<»,;ip]£»:K*c».25,<C32x©ca.  "k>y  «a,2a.y  otla.or   ZE'ox'ioclicsil 

in  the  world,  of  the  most  valuable  Literary  and  Scientific  matter  of  the  day  from  the  pens  of  the  foremost 
Essayists,  Scientists,  Critics,  Discoverers,  and  Editors,  above-named  and  many  others,  representing  every 
department  of  Knowledge  and  Progress 

The  importance  of  The  Living  Age  to  every  American  reader,  as  the  only  satisfactorily  fresh  and 
complete  compilation  of  a  generally  inaccessible  but  indispensable  current  literature,  —  indispensable 
because  it  embraces  the  productions  of 

in  all  branches  of  Literature,  Science,  Art,  and  Politics,  —  is  sufficiently  indicated  by  the  following  recent 


"  The  Living  Age  supplies  a  better  compendium  of 
current  discussion,  information  and  investigation,  and 
gives  a  greater  amount  and  variety  of  reading-matter 
which  it  is  well  worth  while  to  read,  than  any  other  pub- 
lication. ...  It  is  simply  indispensable."— Boston  Journal. 

"  It  contains  the  best  results  of  the  world's  thinking." — 
The  Churchman,  New  Fork. 

"  It  affords  the  best,  the  cheapest,  and  most  convenient 
means  of  keeping  abreast  with  the  progress  of  thought  in 

all  its  phases It  is  the  best  work  of  its  kind  ever 

published  in  the  country,  and  can  hardly  ever  be  improved 
upon." — North  American,  Philadelphia. 

"  The  prince  among  magazines." — New  York  Observer. 

"In  it  we  find  the  best  productions  of  the  best  writers 
upon  all  subjects  ready  to  our  hand.  .  .  .  Through  its 
pages  alone  it  is.possible  to  be  as  thoroughly  well  informed 
in  current  literature  as  by  the  perusal  of  a  long  list  of 
monthlies."— Philadelphia  Inquirer. 

"  Its  pages  teem  with  the  choicest  literature  of  the  day." 
— New  York  Tribune. 

"  Its  frequent  issue  and  ample  space  enable  it  to  do  fully 
what  it  proposes  to  do,  —  to  give  all  that  the  very  ablest  of 
living  writers  furnish  to  periodical  literature  on  science, 
history,  biography,  philosophy,  poetry,  theology,  politics 
and  criticism,  and  to  add  to  this  the  full  complement  of 
the  best  that  there  is  in  Action." — The  Interior,  Chicago. 

"One  cannot  read  everything No  man  will  be 

behind  the  literature  of  the  times  who  reads  The  Living 
Age."— Zion's  Herald,  Boston. 

"  Every  weekly  number  now-a-days  is  equal  to  a  flrst- 
class  monthly.  For  solid  merit,  it  is  the  cheapest  maga- 
zine in  the  land."—  The  Advance,  Chicago. 

"  Gives  the  best  of  all  at  the  price  of  one." — New  York 
Independent. 

"  It  focalizes  the  best  literature  of  the  age.  ...  It  is  the 
most  wonderful  weekly  publication  of  which  we  have  any 
knowledge."—  St.  Louis  Observer. 

"  In  no  other  single  publication  can  there  be  found  so 
mnr-li  of  sterling  literary  excellence."— N.  Y.  Evening  Post. 

"  It  has  uo  equal  in  any  country."— Philadelphia  Press. 
Published  Weekly,  at 
club  of  live  new  subscribers. 


It  is  a  thorough  compilation  of  what  is  best  in  the  liter- 
ature of  the  day,  whether  relating  to  history,  biography, 
fiction,  poetry,  wit,  science,  politics,  theology,  criticism, 
or  art."— Hartford  Courant. 

"  There  is  no  other  way  of  procuring  the  same  amount 
of  excellent  literature  for  anything  like  the  same  price." — 
Boston  Advertiser. 

'  There  is  no  magazine  published  that  gives  so  general 
a  knowledge  of  what  is  going  on  in  the  literary  world." — 
Presbyterian  Weekly,  Baltimore. 

"  The  ablest  essays,  the  most  entertaining  stories,  the 
finest  poetry  of  the  English  language  are  here  gathered 
together." — Illinois  State  Journal. 

"The  reader  flnds  little  occasion  to  go  beyond  its  columns 
for  instructive  or  entertaining  articles  of  any  description." 
— Boston  Evening  Traveller. 

"  With  it  alone  a  reader  may  fairly  keep  up  with  all  that 
is  important  in  the  literature,  history,  politics,  and  science 
of  the  day." — The  Methodist,  New  York. 

"  To  keep  up  with  it,  is  to  master  the  best  thonghtof  our 
time." — Illustrated  Christian  Weekly,  New  York. 

"Its  publication  in  weekly  number;  gives  to  it  a  great 
advantage  over  its  monthly  contemporaries  in  the  spirit 
and  freshness  of  its  contents."—  The  Pacific,  San  Fran- 
cisco. 

"  A  pure  and  perpetual  reservoir  and  fountain  of  enter- 
tainment and  instruction." — Hon.  Robert  C.  Winthrop. 

"The  best  and  cheapest  periodical  in  America."— 
Evangelical  Churchman,  2'oronto. 

"  There  is  nothing  comparable  to  it  in  true  value  in  the 
whole  range  of  periodical  literature."  —  Mobile  Daily 
Register. 

"It  is  the  only  compilation  that  presents  with  a  satis- 
factory completeness,  as  well  as  freshness,  a  literature 
embracing  the  productions  of  theablesl  and  most  cultured 
writers  living.  It  is,  therefore,  indispensable  to  every  one 
who  desires  a  thorough  compendium  ofallthat  is  admirable 
and  noteworthy  in  the  literary  world." — Boston  Post. 

"  Ought  ro  find  a  place  in  every  American  home."— 
New  York  Times. 
00  a  year  free  of  postage.    An  extra  copy  sent  gratis  to  any  one  getting  up  a 


AH  new  subscribers  for  1S79  will  receive  gratis  the  six  numbers  of  1S7S  containing,  with  other  valuable 
matter,  the  first  parts  of  "  Sir  Gibbie,"  a  new  Serial  of  much  interest  by  GEORGE  MACDOXALD, 

now  appearing  in  The  Living  Age  from  the  author's  advance  sheets.    Other  choice  new  serials  by  dis- 
tinguished authors  are  engaged  and  will  speedily  appear. 

CLUB  PRICES  FOR  THE  BEST  HOME  AND   FOREIGN   LITERATURE. 

["Possessed  of  '  Littell's  Living  Age'  and  of  one  or  other  of  our  vivacious  American  monthlies,  a 
subscriber  will  find  himself  in  command  of  the  whole  situation."]  — Philadelphia  Evening  Bulletin. 

For  $10.50,  The  Living  Age  and  either  one  of  the  four-dollar  monthly  Magazines  (or  Harper's  Weekly 
or  Bazar),  will  be  sent  for  a  year,  with  postage  prepaid  on  both;  or,  for  $9.50,~The  Living  Age  and  the 
St.  Nicholas,  or  Appleton'a  Journal,  both  postpaid. 

addresb  LITTELL.  &  GAY,  1 7  Bromfield  St.,  Boston. 
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h}M  Siorags  htm 

OF  BROOKLYN : 

Its  Engineering:  Theory  ana  Results, 

BY 

sa.ihtje.Li   Mcelroy,    c    e. 

Pamphlet  8vo,  42  pp. 
PRICE,        -        -        50  CENTS. 

D.  VA1NT  NOSTRA!*©,  Publisher, 

23  Murray  Street,  New  York. 

*,*  Copies  sent  by  mail  on  receipt  of  price. 

NOW    READY. 
16mo,  boards.     Price  50  Cents. 


The  Transmission  of  Power 

BY   COMPRESSED  AIR, 

BY 


Historical  Notice — Its  application  and  Future — 
The  Conditions  Modifying  Efficiency  in  the  Use  of 
Compressed  Air —  Physical  Properties  and  Laws  of 
Air — Thermodynamic  Principles  and  Formulas — 
Thermodynamic  Equations  applied  to  Permanent 
Gases — Thermodynamic  Laws  applied  to  the 
Action  of  Compressed  Air — The  Efficiency 
Theoretically  Attainable — The  Effects  of  Moisture, 
of  the  Injection  of  Water  and  of  the  Conduction  of 
Heat — American  and  European  Air  Compressors 
■ — Examples  from  Practice. 

D.  TAN  VOSTKASD,  Publisher, 

23  Murray  Street,  New  York. 
%*  Copies  sent  by  mail  on  receipt  of  price. 


Ready    Shortly. 


TEXT-BOOK 

ON  THE 

STEAM   ENGINE, 

BY 


T.    M.    COODEVE,    M.  A., 

Author  of  the  "Principles  of  Mechanics"  and 
Elements  of  Mechanism." 


'The 


Chap  i.- 

a  knowledg 

Chap.  2. 

Chap.  3. 

Chap.  4. 

Chap.  5. 
struction. 

Chap.  6. 

Chap.  7. 

Chap.  8. 


CONTENTS. 

—The  Steam  Engine  as  viewed  under 
e  of  the  doctrine  of  Latent  Heat. 
— Heat  is  not  a  Material  Substance. 
— On  Heat  Engines. 
— On  the  Conversion  of  Motion. 
—The  Indicator  and  Details  of  Con- 

— On  Boilers. 

— Compound  Cylinder  Engines. 

— Miscellaneous  Details,  Etc.,  Etc. 


D.  Y  N  NOSTRAND,  Publisher, 

23  Murray  Street,  New  York. 
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BEING   A   COMPARISON   OF   THE 


AMERICAN  AID  EUROPEAN  SYSTEMS, 


Translated  from  the  French  of 


3L.    J^.    CAMOLLI,    C.    E. 


S.  H.  SHPtEVE,  A.  M.,  C.  E. 

Author  of  "A  Treatise  on  the  Strength  of  Bridges  and 

Roofs." 
Consulting  Engineer  on  the  Construction  of  the  Metro- 
politan Elevated  Railroad. 
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A  MANUAL  OF  RULES,  TABLES  and  DATA  for  Mechanical  Engineers.  Based  on  the 
most  recent  investigations.  By  Daniel  Kinnear  Clark.  Illustrated  with  numerous 
diagrams.     1012  pages,  8vo. ,  cloth,  $7.50  ;  half  morocco,  $10.00. 

A  PRACTICAL  TREATISE  ON  CHEMISTRY.  Qualitative  and  Quantitative  Analysis, 
Stoichiometry,  Blow-Pipe  Analysis,  Mineralogy,  Assaying,  Pharmaceutical  Preparations, 
Human  Secretions.  Specific  Gravities,  Weights  and  Measures,  &c,  &c.  By  Henry  A. 
Mott,  Jr.,  E.M..  Ph.D.     650  pages,  8vo,  cloth,  $6.00. 

QUALITATIVE  CHEMICAL  ANALYSIS.  A  Guide  in  the  Practical  Study  of  Chemistry 
and  in  the  work  of  Analysis.  By  S.  H.  Douglas  and  A.  B.  Prescott,  Professors  of 
Chemistry  in  the  University  of  Michigan.     Second  edition.     8vo,  cloth,  $3.50. 

LEGAL  CHEMISTRY.  A  Guide  to  the  Detection  of  Poisons,  Falsifications  of  Writings, 
Adulteration  of  Alimentary  and  Pharmaceutical  Substances  ;  Analysis  of  Ashes,  and 
Examination  of  Hair,  Coins,  Fire-Arms,  and  Stains,  as  applied  to  Chemical  Jurispru- 
dence. Translated  from  the  French  of  A.  Naquet.  By  J.  P.  Battershall,  Ph.D. 
Illustrated.     12mo,  cloth,  $2.00. 

HEATING  AND  VENTILATION,  in  their  Practical  Application  for  the  Use  of  Engineers 
and  Architects;  embracing  a  Series  of  Tables,  and  Formulas  for  Dimensions  of  Heat- 
ing, Flow  and  Return  Pipes,  for  Steam  and  Hot  Water  Boilers,  Flues,  etc.,  etc.  ByF. 
Schumann,  C.  E.     With  Illustrations.     12mo,  full  roan,  $1.50. 

A  GUIDE  TO  THE  DETERMINATION  OF  ROCKS.  Being  an  Introduction  to  Lithology. 
By  Edouard  Jannettaz.  Translated  from  the  French  by  Prof.  George  W.  Plymr- 
ton,  C.  E.,  with  illustrations.     12mo,  extra  cloth,  $1.50. 

NOTES  ON  ENGINEERING  CONSTRUCTION.  Embracing  Discussions  of  the  Principles 
involved  and  Descriptions  of  the  Material  employed.  Bv  J.  E.  Shields,  C.  E.  12mo, 
cloth,  $1.50. 

STRENGTH  AND  CALCULATION  OF  DIMENSIONS  OF  IRON  AND  STEEL  CON 

STEUCTIONS  with  reference  to  the  latest  experiments.     Bj'  J.  J.  Weykauch.     With 

four  folding  plates.     12mo,  cloth,  $1.00. 
THE  PATTERN-MAKER'S  ASSISTANT.    Embracing  Lathe  Work,  Bench  Work,  Core 

Work,  Sweep  Work,  and  Practical  Gear  Construction.     The  Preparation  and  Use  of 

Tools,  together  with  a  large  collection  of  Useful  and  Valuable  Tables.     By  Joshua 

Rose,  M.  E.     With  250  illustrations.     Crown  8vo,  cloth,  $2.50. 
THE  ANEROID  BAROMETER:    Its   Construction  and    Use.     Compiled  from    Several 

Sources.     18mo,  boards,  50c;  full  roan,  $1.00. 
MATTER  AND  MOTION.    By  J.  Clerk  Maxwell  M.  A.,  LL.D.     ISnio,  boards,  50c. 

ENGINEERS,  CONTRACTORS  AND  SURVEYORS'  POCKET  TABLE  BOOK.    By  J.  M. 

Scribner.     Tenth  edition,  revised.     Pocket  form,  full  roan,  $1.50. 

ENGINEERS  AND  MECHANICS'  COMPANION.  Eighteenth  edition,  revised,  Pocket 
form,  full  roan,  $1.50. 

THE  STAR  FINDER,  or  Planisphere  with  a  Movable  Horizon,  and  the  Names  and  Magni- 
tudes of  the  Stars  and  Names  of  the  Constellations,  made  in  accordance  with  Proctor's 
Star  Atlas.     Printed  in  colors  on  fine  card  board.     Price  $1.00. 

HAND-BOOK  OF  ELECTRICAL  DIAGRAMS  AND  CONNECTIONS.  By  C  H.  Davis, 
and  Frank  B.  Rae.  Illustrated  with  32  full-page  illustrations.  Second  edition,  oblong 
8vo,  extra  cloth,  $2.00. 

*.*  Copies  sent  free  by  mail  on  receipt  of  price. 

6^~  My  new  catalogue  of  American  and  Foreign  Scientific  Books,  96  pages  Svo,  sent  to  any  address,  on  re- 
ceipt of  10  cents. 
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SCIENCE  NEWS. 


A  fortnightly  periodical,  edited  by  Ernest 
Ingersoll  and  fm.  C.  Wyckoff,  of  New  York;  | 
containing  at  least  16  pages,  octavo,  of  reading  ■ 
matter,  exclusive  of  advertisements,  furnished  j 
at  $2.00  per  year,  including  postage. 

It  is  intended  that  the  peculiar  feature  of  i 
this  periodical  shall  be  the 

Prompt  publication  of  Scientific  news. 

No  pains  will  be  spared  to  present  such  news 
in  the  most  attractive  form  that  the  subjects 
may  permit,  and  the  aricles  will  be  freely 
illustrated  by  competent  artists. 

Our  subscribers  will  be  kept  informed  in 
regard  to  the 

Current  Literature  of  Science. 

in  all  its  departments.  We  have  peculiar 
facilities  for  giving  early  notices  of  books  in 
preparation  or  about  to  be  issued.  Each  book 
review  will  present  the  opinion  of  some  writer 
especially  qualified  for  the  task  by  acquaint- 
ance with  the  particular  field  of  research  under 
survey. 
Considerable  space  will  be  given  to 

Notes  and  Queries 

from  corespondents  on  all  subjects  of  scientific 
value  and  interest. 

To  the  end  that  the  actual  progress  of  science 
in  this  country  may  be  well  represented  in  the 
new  periodical,  the  co-operation  and  cordial 
support  of  men  of  prominence,  in  the  various 
departs  of  research,  are  urgently  solicited; 
and  the  promises  that  have  already  been  made 
give  every  hope  that  this  end  will  be  attained. 

The  following  are  some  of  the  contributors 
to  the  first  two  numbers : 

Dr.  C.  C.  Abbott;  Prof.  G.  Browne  Goode; 
Prof.  H.  Carrington  Bolton;  Dr.  Elliott  Canes; 
Prof.  F.  V.  Hay  den;  Prof.  Henry  Draper, 
M.  D.;  Gen.  S.  H.  Abbott;  Prof.  E.  W. 
Clarke;  Mr.  John  Burroughs;  Dr.  H.  C. 
Yarrow;  Mr.  Alex.  Agassis;  Prof.  George 
Davidson;  Prof.  S.  H.  Scudder. 


THE 

Pluto  &  Sanitary  Eiiieer, 

A  Monthly  Journal  devoted  to 

VENTILATION  AD  PUBLIC  HEALTH, 
WATER  SUPPLY, 
DRAINAGE, 

HEATING  AND  LIGHTING. 

It  contains  no  paid  puffs,  nor  price  lists. 
Its  technical  articles  are  written  by  experts. 
It  is  a  manual  of  the  best  sanitary  practice. 
It  illustrates  the  latest  improvements  in  House  Drain- 
It   is   indispensable   to    every    Engineer,    Architect, 
Builder,  Plumber  and  Householder. 

Among  its  regular  contributors  are  Edw.  S.  Phil- 
brick,  U.  £.,  Prof.  Henry  Morton,  Ph.D.,  Geo.  E. 
Waring,  Jr.,  C.  E.,  Robert  Beiggs,  C.  E.,  T.  O'Conor 
Sloane,  Ph.D. 

Terms,  $1.50  a  year.    Single  Copies,  15  Cents. 

Address 

The  Plumber  and  Sanitary  Engineer, 

140  WILLIAM  STREET, 


SAMPLE  COPIES  FREE. 


Editor's  Office,  44  Howard  St.,  NEW  YORK. 
Office  of  Publication,  SALEM,  MASS. 

Subscriptions  and  all  matters  of  business 
should  be  sent  to  tbe  publisher: 

S.  E.  CASSINO,  Naturalist's  Agency, 

SALEM,   MASS. 


P.  O.  Box  303T. 


NEW  YORK. 


One  Vol.,  8vo.,  with  upwards  of  two  hundred  and  fifty 
illustrations.    Cloth.    $1.50. 


WOOD  m  IT 


A.      H^NI>-BOOIt 


FOR  THE  USE  OP 

Contractors,   Builders,    Architects,   Engi- 
neers, Lumber  Merchants,  Etc. 

WITH  INFORMATION  FOR 

DRAWING     UP     DESIGNS    AND     ESTIMATES. 

BY 

Member  of  the  Institution  of  Mechanical   Engineers. 

D.  VAN  NOSTRAS  D,  Publisher, 

23  Murray  and  27  Warren  Sts.,  N.  Y, 
***  Copies  sent  by  mail  on  receipt  of  price. 
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HAND-BOOK 


OF 


Patent  Laws  of  all  Countries. 


BY 


WM.  P.  THOMPSON,  C.  E., 

Head  of  the  International  Patent  Office,  Liverpool. 


Third  Edition,  entirely  re-written,  embracing  the 
Laws  of  the  principal  countries,  as  far  as  they  affect 
patentees,  fully  and  simply  given  in  the  English  lan- 
guage. 


12nio,   Cloth.    89  pp.    Price  50  Cents. 


D.  VAN  NOSTRAND,  Publisher, 

23  Murray  &  27  Warren  Sts.,  N.  Y. 
1  Copies  sent  by  mail  on  receipt  of  price. 


IN"   PrtESH. 


THE 


FIELD  ENGINEER. 

A  HANDY  BOOK  OF  PRACTICE 

IN    THE 

Survey,  Location  and  Track-work 

OF 

RAILROADS. 

Containing  a  large  collection  of  Rules  and  Tables, 
original  and  selected,  applicable  to  both  the 
Standard  and  the  Narrow  Gauge,  and  prepared 
with  special  reference  to  the  wants  of  the  Young 
Engineer. 

BY 

WILLIAM    FINDLAY    SHUNK,  C.  E., 

Chief  Engineer  of  the  Construction  of  the  Metropolitan 
Elevated  Railway,  N.  Y. 

D.  VAN  NOSTRAND,  Publisher, 

23  Murray  &  2T  Warren  Sts.,  N.  Y. 


THE 


Journal  of  the  Franklin  Institute, 

DEVOTED  TO  SCIENCE  AND  THE  MECHANIC  ARTS. 

ESTABLISHED  IN  1826. 

The  only  Technological  Journal  published  in  the  United  States, 
without  private  pecuniary  interest. 

Its  object  is  to  encourage  original  research,  and  disseminate  useful  knowledge  in  all 
matters  relating  to  the  practical  application  of  science,  but  more  especially  to  engineering 
and  the  mechanical  arts. 

The  Journal  is  issued  in  monthly  numbers,  of  seventy-two  pages  each,  largely  illus- 
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PREFACE. 
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there  is  much  therein  open  to  adverse  criticism,  and  feels  very  confident  that  it  will 
not  be  spared,  particularly  by  his  professional  brethren  of  both  branches  of  the 
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He  has  only  designed  calling  attention  to  a  subject  so  fraught  with  conse- 
quences to  the  profession  of  arms,  and  to  collate  the  history  of  the  Torpedo,  and 
the  various  advances  made  in  this  new  system  of  warfare,  in  the  hope  that  it  may 
prove  interesting  and  instructive  to  those  who  have  not  found  it  convenient  or 
practicable  to  gather  together  the  scanty  scraps  of  information  to  be  discovered, 
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home  and  abroad. 
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U.  S.  Torpedo  Boat  and  Apparatus-  -Fuzes  for  Dynamic  Electricity — Torpedo 
Boat  "  Spuyten  Duyvil" — Ericsson's  Obstruction  Remover — Beardslee's  Magneto- 
Electric  Battery,  Fuze  and  Torpedo — Major  King's  Experimenting  Apparatus — 
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THE  ECLECTIC  MAGAZINE,  now  in  its  thirty-fifth,  year,  reproduces  from  foreign 
priodicals  all  those  articles  which,  for  any  reason,  are  likely  to  prove  interesting  or 
valuable  to  American  readers.  Its  field  of  selection  embraces  all  the  leading  foreign 
Reviews,  Magazines,  and  Journals ;  and  covers  a  literature  incomparably  richer  of  its  kind 
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more  valuable,  and  more  interesting  than  those  of  any  single  review  or  magazine  from  which 
its  selections  are  made;  and  while  the  tastes  of  all  classes  of  readers  are  consulted,  nothing 
trivial  in  character,  or  of  merely  transient  interest,  is  admitted  to  its  pages.  Its  plan  includes 
Essays,  Revieivs,  Biographical  Sketches,  Historical  ^Papers,  Travels, 
Poetry,  Novels,  and  Short  Stories  ;  and  in  the  case  of  Science  (to  which  much  space 
and  attention  are  given),  no  special  prominence  is  allowed  to  any  particular  phase  of  opinion, 
but  place  is  given  impartially  to  the  most  valuable  articles  on  both  sides  of  the  great  themes 
of  scientific  discussion. 

The  following  lists  comprise  the  principal  periodicals  from  which  selections  are  made  and 
the  names  of  some  of  the  leading  writers  who  contribute  to  them  : 


periodicals. 

Qtjakterly  Review. 
British  Quarterly  Review, 
Edinburgh  Review. 
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Contemporary  Review. 
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The  Nineteenth  Century. 
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Miss  Thackeray. 


JSP  It  is  frequently  remarked  that  in  England  tlie  best  literally  talent  of  the  time  is  being 
diverted  from  the  writing  of  books  to  contributing  to  the  periodicals.  Tlie  Eclectic  garners  the 
choicest  slieaves  from  this  rich  harvest. 

STEEL    ENGRAVINGS. 

Each  number  contains  a  Fine  Steel  Engraving — usually  a  portrait— executed  in  the  best 
manner.  These  engravings  are  of  permanent  value,  and  add  much  to  the  attractiveness  of 
the  Magazine. 

TERMS: — Single  copies,  45  cents;  one  copy,  one  year,  $5;  five  copies,  $20.  Trial 
subscription  for  three  months,  $1.  The  ECLECTIC  and  any  $4  magazine  to  one  address,  $8. 
Postage  free  to  all  subscribers. 
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adelphia Inqirer. 
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all  its  phases." — Philadelphia  North  American. 
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PREFACE. 

The  author  in  presenting  this  work  to  the  public  is  perfectly  well  aware  that 
there  is  much  therein  open  to  adverse  criticism,  and  feels  very  confident  that  it  will 
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service. 
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NUMBER  40   OF   THE   SCIENCE  SERIES   RECENTLY   ISSUED. 


THE 


TRANSMISSION  OF  POWER 

BY 

Compressed  Air, 

BY 


The  subject  of  Compressed  Air  and  Compressed  Air  Machinery  offers  a  wide  field  for  useful 
investigation.  It  has  been  attempted  in  these  pages  to  add  something  to  the  scanty  stock  of  its 
literature. 

Compressed  Air  has  become  a  most  efficient  and  powerful  agent  in  the  hands  of  the  modern 
engineer.  Its  applications  are  rapidly  growing,  both  in  extent  and  importance.  The  subject  demands 
careful  attention  and  study. 

There  can  be  no  doubt  that  the  great  waste  of  energy  that  to-day  accompanies  the  use  of  com- 
pressed Air  is  due,  not  only  to  sickly  design  and  faulty  construction  of  machines,  but  very  largely  also 
to  the  general  ignorance  of  the  principles  of  thermodynamics.  Hence,  we  have  started  with  the  general 
equation  of  thermodynamics,  which  expresses  the  relation  between  heat  and  mechanical  energy 
under  all  circumstances,  and  have  deduced  from  it  all  the  formulas  and  results  necessary  to  an 
intelligent  comprehension  of  our  subject.  We  have  not  tried  to  be  simple  by  avoiding  the  higher 
mathematical  analysis  ;  but  thorough  and  clear,  by  beginning  at  the  very  bottom  and  fully  explaining 
every  step  and  principle.  It  will  not  be  necessary  for  the  average  reader  to  study  any  work  on 
thermodynamics  or  higher  mathematics  preparatory  to  reading  this. 

Zeuner's  "Theorie  Mechanique  de  la  Chaleur,"  Clausius,  Rankine  and  McCullough  on  Heat, 
Riedler's  "  Luftcompressions-maschinen, "  have  been  freely  used.  The  works  of  MM.  Cornet, 
Mallard  amd  Pochet  and  others,  have  all,  I  believe,  received  credit  in  the  text. 

R.  Z. 
Stevens  Institute  of  Technology,  June,  1878. 
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A  Practical  Telkgrapher. 


INTRODUCTION. 


It  has  been  the  aim  of  the  author  in  the  p  repar 
ation  of  this  little  book,  to  present  the  principles 
of  the  Electro  Magnetic  Telegraph,  in  a  brief, 
concise  manner,  for  the  benefit  of  practical  oper- 
ators and  students  of  telegraphy.  The  works  on 
telegraphy  which  have  thus  far  been  presented, 
besides  being  expensive,  have  contained  much  that 
is  useless,  or  which  is  not  in  a  form  to  be  readily 
understood  by  young  and  inexperienced  telegraph- 
ers. Although  this  little  work  must  be  acknowl- 
edged incomplete,  it  is  hoped  that  it  may  go  far 
toward  supplying  the  deficiency  which  has  existed  ; 
or,  at  least,  serve  as  a  stepping-stone  to  the  study 
of  the  more  complete  works  on  electricity  and 
telegraphy. 
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THE 


TRANSMISSION  OF  POWER 

BY 

Compressed  Air, 

BY 


PREFilCE. 


The  subject  of  Compressed  Air  and  Compressed  Air  Machinery  offers  a  wide  field  for  useful 
investigation.  It  has  been  attempted  in  these  pages  to  add  something  to  the  scanty  stock  of  its 
literature. 

Compressed  Air  has  become  a  most  efficient  and  powerful  agent  in  the  hands  of  the  modern 
engineer.  Its  applications  are  rapidly  growing,  both  in  extent  and  importance.  The  subject  demands 
careful  attention  and  study. 

There  can  be  no  doubt  that  the  great  waste  of  energy  that  to-day  accompanies  the  use  of  com- 
pressed Air  is  due,  not  only  to  sickly  design  and  faulty  construction  of  machines,  but  very  largely  also 
to  the  general  ignorance  of  the  principles  of  thermodynamics.  Hence,  we  have  started  with  the  general 
equation  of  thermodynamics,  which  expresses  the  relation  between  heat  and  mechanical  energy 
under  all  circumstances,  and  have  deduced  from  it  all  the  formulas  and  results  necessary  to  an 
intelligent  comprehension  of  our  subject.  We  have  not  tried  to  be  simple  by  avoiding  the  higher 
mathematical  analysis  ;  but  thorough  and  clear,  by  beginning  at  the  very  bottom  and  fully  explaining 
every  step  and  principle.  It  will  not  be  necessary  for  the  average  reader  to  study  any  work  on 
thermodynamics  or  higher  mathematics  preparatory  to  reading  this. 

Zeuner's  "Theorie  Mechanique  de  la  Chaleur,"  Clausius,  Rankine  and  McCullough  on  Heat, 
Riedler's  "  Luftcompressions-maschinen, "  have  been  freely  used.  The  works  of  MM.  Cornet, 
Mallard  amd  Pochet  and  others,  have  all,  I  believe,  received  credit  in  the  text. 

R.  Z. 
Stevens  Institute  of  Technology,  June,  1878. 
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VOUSSOIR  ARCHES 


APPLIED   TO 


STONE  BRIDGES,  TUNNELS,  DOMES  AND  GROINED  ARCHES. 


WILLIAM    CAIN,    C.    E 

Carolina  Military  Institute,  Charlotte,  N.  C. 


PREFACE 


The  following  pages  contain  a  discussion  of  the  theory  affecting  the  stability  and  strength  of 
stone  or  brick  arches,  including  bridges,  culvert  and  tunnel  arches,  groined  and  cloistered  arches, 
together  with  various  styles  of  domes. 

In  the  former  treatise  by  the  author,  on  Voussoir  Arches,  the  theory  of  Dr.  Scheffler  (given  in 
his  German  treatise  on  arches)  for  incompressible  voussoirs  was  given,  and  applied  to  the  experi- 
ments on  arches,  also  to  the  case  of  a  segmental  stone  bridge,  the  compressibility  of  the  material 
being  included  in  an  empirical  manner,  which  seemed  to  be  justified  in  part  from  the  consideration 
of  the  numerous  experiments  given. 

In  the  present  treatise  the  aim  has  been  to  make  an  advance  in  the  theory,  by  considering 
the  effect  of  the  compressibility  of  the  material  in  a  theoretical  manner.  This  has  the  effect  of  mod- 
ifying the  assumption  that  the  principle  of  the  least  resistance  applies,  except  at  the  limit  of  stability. 
which  last  was  shown  by  the  experiments.  It  is  gratifying  to  note,  however,  that  the  present  theory 
conducts  to  nearly  the  same  solution  for  the  arch  eccentrically  loaded  as  that  proposed  in  the  former 
volume,  so  that  the  conclusion  reached  in  both  cases  is  the  same.  The  connection  between  voussoir 
and  solid  arches  will  be  given  subsequently  in  treating  the  latter  subject. 

In  the  sections  relating  to  curves  of  pressure  corresponding  to  the  maximum  and  minimum  of 
the  thrust,  and  parts  of  the  treatment  of  underground  arches  and  domes,  with  certain  examples,  so 
far  as  they  refer  to  an  imaginary  incompressible  material,  the  writer  is  again  indebted  to  Schefner's 
"  Theorie  Der  Gew51be. "  In  the  treatment  of  spherical  and  conical  domes,  assistance  has  been 
derived  in  part  from  Prof.  Eddy's  "  New  Constructions  in  Graphical  Statics."  The  aim  throughout 
has  been  to  carefully  analyze  hypotheses  in  the  light  of  facts,  and  to  present  the  subject  in  a  simple 
manner,  though  not  lacking  in  completeness  ;  to  which  end  the  graphical  method  has  been  mostly 
employed;  The  Author. 
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ation  of  this  little  book,  to  present  the  principles 
of  the  Electro  Magnetic  Telegraph,  in  a  brief, 
concise  manner,  for  the  benefit  of  practical  oper- 
ators and  students  of  telegraphy.  The  works  on 
telegraphy  which  have  thus  far  been  presented, 
besides  being  expensive,  have  contained  much  that 
is  useless,  or  which  is  not  in  a  form  to  be  readily 
understood  by  young  and  inexperienced  telegraph- 
ers. Although  this  little  work  must  be  acknowl- 
edged incomplete,  it  is  hoped  that  it  may  go  far 
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or,  at  least,  serve  as  a  stepping-stone  to  the  study 
of  the  more  complete  works  on  electricity  and 
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PREFACE. 


The  subject  of  Compressed  Air  and  Compressed  Air  Machinery  offers  a  wide  field  for  useful 
investigation.  It  has  been  attempted  in  these  pages  to  add  something  to  the  scanty  stock  of  its 
literature. 

Compressed  Air  has  become  a  most  efficient  and  powerful  agent  in  the  hands  of  the  modern 
engineer.  Its  applications  are  rapidly  growing,  both  in  extent  and  importance.  The  subject  demands 
careful  attention  and  study. 

There  can  be  no  doubt  that  the  great  waste  of  energy  that  to-day  accompanies  the  use  of  com- 
pressed Air  is  due,  not  only  to  sickly  design  and  faulty  construction  of  machines,  but  very  largely  also 
to  the  general  ignorance  of  the  principles  of  thermodynamics.  Hence,  we  have  started  with  the  general 
equation  of  thermodynamics,  which  expresses  the  relation  between  heat  and  mechanical  energy 
under  all  circumstances,  and  have  deduced  from  it  all  the  formulas  and  results  necessary  to  an 
intelligent  comprehension  of  our  subject.  We  have  not  tried  to  be  simple  by  avoiding  the  higher 
mathematical  analysis  ;  but  thorough  and  dear,  by  beginning  at  the  very  bottom  and  fully  explaining 
every  step  and  principle.  It  will  not  be  necessary  for  the  average  reader  to  study  any  work 'on 
thermodynamics  or  higher  mathematics  preparatory  to  reading  this. 

Zeuner's  "Theorie  Mechanique  de  la  Chaleur,"  Clausius,  Rankine  and  McCullough  on  Heat, 
Riedler's  "  Luftcompressions-maschinen,"  have  been  freely  used.  The  works  of  MM.  Cornet, 
Mallard  amd  Pochet  and  others,  have  all,  I  believe,  received  credit  in  the  text. 

R.  Z. 
Stevens  Institute  of  Technology,  June,  1878. 
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'    AEMY    SACRIFICES; 

OR, 

Briefs  from  Official  Pigeon-Holes. 

Based  on  Official  Reports,  grouped  together  for  the  purpose  of  illustrating  the  services  and  experi- 
ences of  the  Regular  Army  of  the  United  States  on  the  Indian  Frontier. 

By  Brevet -Ma j -Gen.  JA31BS  B.  FRY,    77.  8.  A. 


CONTENTS. 

The  Island  of  Death  (Forsyth's  Fight). — Gunnison's  Massacre. — Written  in  Blood  (Hartsuffs 
Fight). — Soldiers  Afloat  (A  Voyage  to  Oregon  in  1848). — The  Penitentes. — The  Fatal  Valley 
(Fetterman  Massacre). — Forty  Degrees  below  Zero  (Henry's  March). — Bison. — Outnumbered  but 
not  Outdone  (Powell's  Fight). — Bill  and  Dan. — He  Curses  the  Apache  (Pfeiffer's  Fight). — A  Man- 
Trap  (Grattan  Massacre). -^-A  Daring  Plunge  (Mellen's  Ride). — Modoc  Treachery  (Canby 
Massacre). 

UOTICE  S. 

N.  Y.  Tribune, 

*  *  *  The  sketches  illustrative  of  the  experience  of  the  Army  on  the  Indian  frontier  are  evidently- 
drawn  from  the  life  and  will  be  read  with  interest  for  their  vivid  coloring  and  natural  delineation. 

JV.  Y.  Times. 

*  *  *  The  book  before  us  is  a  recital  of  some  of  the  more  thrilling  incidents  which  have  occurred  from, 
time  to  time  west  of  the  Mississippi  River.  Most  of  the  sketches  are  of  actual  occurrences,  and  are  presented  as 
examples  of  the  dangers  and  privations  to  which  our  soldiers  in  active  service  in  the  Indian  country  are  continually 
exposed,  and  the  gallantry  and  fortitude  they  display.         *         *        * 

Chicago  Evening  Journal. 

Under  the  above  caption  General  James  B.  Fry  has  laid  before  the  public  a  very  entertaining  little  book.  Its 
short  and  simple  narratives  rest  on  the  bare  statement  of  facts  set  forth  in  official  reports  to  the  War  Department,  but 
they  have  been  elaborated  and  verified  by  material  gathered  from  other  authentic  sources.         *        *        * 

Evening  Mail  (New  York.) 

*  *  *  The  general  reader  will  find  this  narrative  of  "  disastrous  chances,  moving  accidents,  and  hair- 
breadth 'scapes ''  of  absorbing  interest,  and  every  citizen  will  feel  prouder  of  his  country  and  her  little  army  as  he 
peruses  this  record  of  noble  deeds  and  sufferings  heroically  borne.  Every  one,  we  think,  will  echo  our  wish  that  Gen. 
Fry  may  continue  his  researches  among  the  archives  of  the  government  and  give  us  before  long  further  accounts  of 
what  the  officers  and  men  of  the  United  States  Army  have  done  and  suffered  in  the  discharge  of  their  duty,  whose 
deeds  are  now  unknown,  but  deserve  to  be  held  in  everlasting  remembrance. 

Army  and  Navy  Gazette  (Washington.) 

*  *  *  The  recitals  are  mainly  recasts  of  official  reports,  in  some  instances,  says  General  Fry,  without  a 
change  even  in  terms.  They  contain  many  proofs  of  gallantry  and  devotion  to  duty,  which  are  calculated  to  excite  the 
admiration  and  gratitude  of  the  reader.     The  volume  is  issued  in  an  attractive  form. 

General  J".  G.  Barnard,  "U.  S.  Engineers,  •writes: 

*  *  *  It  is  a  new  field  which,  as  General  Fry  has  opened  it,  he  should  cultivate  fully.  It  ought  to  do- 
much  for  the  army.  A  Persian  legend  runs  to  this  effect  :  "  In  the  beginning  Eternal  Spirit  created  two  sons — one  to 
pray  and  offer  sacrifices,  the  other  to  say— Perhaps."  The  army  "  sacrifices  "  are  not  made  by  doubters  and  triflers, 
but  by  earnest  men,  believers  in  something — in  their  own  integrity  and  manhood  if  nothing  else.  It  is  something  to 
compel  men  to  "  offer  sacrifices,"  and  this  the  army  does.  * 

D.   VAN    NOSTRAND, 
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INTRODUCTION. 


It  has  been  the  aim  of  the  author  in  the  prepar 
ation  of  this  little  book,  to  present  the  principles 
of  the  Electro  Magnetic  Telegraph,  in  a  brief, 
concise  manner,  for  the  benefit  of  practical  oper- 
ators and  students  of  telegraphy.  The  works  on 
telegraphy  which  have  thus  far  been  presented, 
besides  being  expensive,  have  contained  much  that 
is  useless,  or  which  is  not  in  a  form  to  be  readily 
understood  by  young  and  inexperienced  telegraph- 
ers. Although  this  little  work  must  be  acknowl- 
edged incomplete,  it  is  hoped  that  it  may  go  far 
toward  supplying  the  deficiency  which  has  existed  ; 
or,  at  least,  serve  as  a  stepping-stone  to  the  study 
of  the  more  complete  works  on  electricity  and 
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